KIEP Working Paper 11-01

Empfrreal Tests of Comparative Advantage:
o Factor Proportions, Technology,
| and Geography

=

Nakgyoon Choi

KI{P Korea Institute for International
BA=¥ Economic Policy




KIEP Working Paper 11-01

Empirical Tests of Comparative
Advantage: Factor Proportions,
Technology, and Geography

Nakgyoon Choi

KicP

Korea Institute for International Economic Policy



KOREA INSTITUTE FOR

INTERNATIONAL ECONOMIC POLICY (KIEP)
108 Yangjaedaero, Seocho-Gu, Seoul 137-747, Korea
Tel: (822) 3460-1178 Fax: (822) 3460-1144

URL: http://www kiep.go.kr

Wook Chae, President

KIEP Working Paper 11-01

Published August 29, 2011 in Korea by KIEP

ISBN 978-89-322-4216-3
978-89-322-4026-8(set)

Price USD 3

© 2011 KIEP



Executive Summary

This paper derives a consolidated regression equation to estimate
the sources of comparative advantage; integrating the Heckscher-Ohlin
model, the Ricardian model, and the gravity model. It also aims to test
which of the three competing models better explains the bilateral trade
flows. For the empirical estimation, it sets up a consistent dataset for
65-countries and 42-industries in 1997, 2001, and 2004.

The estimation results generally confirm the three competing mod-
els, but relative strength of the Heckscher-Ohlin model turns out to be
the most potent, followed by the gravity model, and the Ricardian
model. The results reveal that the signs of the estimates such as pro-
duction factors and total factor productivity are positive in all signifi-
cant results. In addition, the gravity variables including the distance
variable and dummies such as borders, languages, colony, and FTA
explain the changes in trade share very well.

The explanatory power of the three competing models turned out to
be different depending on sectoral and regional groups. A sign for the
capital turned out to be negative in case of regressions for the natural
resource intensive sector, but they are not statistically significant. In
case of the Ricardian model, this paper does not indicate that technolo-
gical difference is statistically significant for the sectoral groups. It is
interesting to see that the sign of the colony dummy for developed
countries, other European countries, and Central America turned out

to be different from the prediction.

Keywords: Factor Proportions, Technology, Geography
JEL Classification: F11, F12, F14
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Empirical Tests of Comparative Advantage:
Factor Proportions, Technology, and Geography

Nakgyoon Choi”

I. Introduction

There have been competing theories on factors that determine the
comparative advantage of each country. David Ricardo is well known
as the originator of the doctrine of comparative advantage. He propos-
es that each country specializes in the commodity in which it has a
comparative advantage and selected only by relative labor costs or lev-
el of technology. The Ricardian model emphasizes that technological
levels can differ across countries because labor, the only production
factor, cannot cross national borders.

Basically, however, the Heckscher-Ohlin model assumes that each
country is identical, except for the difference in factor endowments. It
endogenizes the factors price, output, and consumption; treating the
factor supply and international production price as exogenous va-
riables. The Heckscher-Ohlin theorem proposes that a capital-
abundant country would export capital intensive commodities while a

labor-abundant country exports labor intensive commodities.

* Senior Research Fellow of Korea Institute for International Economic Policy (KIEP), 108 Yang-
jaedaero, Seocho-Ku, Seoul, Korea; phone: 3460-1079; fax: 3460-1133; e-mail: ngchoi@kiep.go. kr;
this paper is a revised version of Chapter 4 of Choi and Lee (2010).
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Besides the technology and factor proportions, a role of geography
has been incorporated in the recent literature on trade patterns. The
gravity model relates each country’s bilateral trade to the economic
size and distance between the two countries. The advantage of this ap-
proach is that it captures a wide range of comparative advantage com-
ponents including product differentiation and institutional framework,
among others.

Most of the previous literature tests the Ricardian model, the Heck-
scher-Ohlin model, and the gravity model, individually. For Example,
Baldwin (1971, 1978) regresses total exports as well as net exports of
the US and other major countries, and found that human capital turned
out to be important in explaining comparative advantage. Leamer
(1980, 1984), and Bowen, Leamer and Sveikauskas (1987) initiate em-
pirical tests on the Heckscher-Ohlin model by regressing factor intensi-
ty, factor supplies, and factor endowment on net exports. Their empiri-
cal results reveal that the explanatory power of Heckscher-Ohlin-
Vanek theory is less than satisfactory.

Davis and Weinstein (2001) use the input-output table of 10 ad-
vanced countries and reveal that each country exports abundant pro-
duction factors consistent with the Heckscher-Ohlin-Vanek theory. Ea-
ton and Kortum (2002) develop a Ricardian model that incorporates
geographic elements into the general equilibrium. They regress the
technology and geographic barriers on bilateral trade using the data
from 19 OECD countries in 1990, and reveal that geographic barriers as
well as technology determine specialization.

Romalis (2004) integrates the multi-country Heckscher-Ohlin model
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with the Krugman (1980) model of monopolistic competition and
transport costs and regresses the trade share on factor intensities with
the 1998 US data. It demonstrates that each country produces and ex-
ports the commodity which makes intensive use of the abundant pro-
duction factors.

Morrow (2008) incorporates the Ricardian differences in the total
factor productivity with the Romalis (2004) model. It regresses the rela-
tive revenue on factor proportion and relative productivity, using the
data on 24 industries, 11 years (1985-1995), and 20 countries. It indi-
cates that both factor abundance and relative productivity are impor-
tant in explaining the comparative advantage, and productivity differ-
ences across industries are uncorrelated with the factor intensities of
these industries.

Chor (2010) considers the geographic elements, production factors,
and institutional characteristics as sources of comparative advantage,
using the data on 83 countries and 20 manufacturing industries in 1990.
The empirical results turn out to be consistent with theoretical predic-
tions with some variation, depending on the estimation methodologies.

This paper investigates the sources of comparative advantage, inte-
grating the Ricardian model, the Heckscher-Ohlin, and the gravity
model in the multi-country and multi-goods set-up. It also aims to test
which of the three competing models better explains the bilateral trade
tflows. It integrates the differences in total factor productivity and geo-
graphic barriers to the Romalis (2004) model. This paper tests the rep-
resentative elements from the three competing models using a consoli-
dated database.
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Specifically, it uses a consistent data on factor intensity created from
the input-output table and estimates the differences in total factor
productivity. The data for estimation consists of 65 countries and the
42 industries in 1997, 2001, and 2004 which were selected according to
the GTAP (Global Trade Analysis Project) classification. It reconciles
the trade and input-output data using the GTAP concordance table.

This paper is organized as follows. In Section 2, we extend the Ro-
malis (2004) model to incorporate the Ricardian and gravity models,
while discussing how to obtain the consistent database. In Section 3,
we provide a discussion about the estimation results and the relative

strength of competing models. Section 4 concludes.



II. Basic Model and Database

1. Basic Model

This paper extends the Romalis (2004) model, which is a multi-
country Heckscher-Ohlin model with the Krugman (1980) model of
monopolistic competition and transport costs. Romalis (2004) incorpo-
rates the Ricardian and gravity models in the basic set up, assuming
that each country is different in levels of technology and relative factor
abundance. It also introduces iceberg transport costs which are impli-
citly assumed to be identical in all countries, and they are cancelled out
in the price function after profit maximization.

In this paper, we introduce the iceberg transport costs to explain the
geographical distance emphasized by the gravity model.! But, we as-
sume that the iceberg transport costs between the countries are differ-
ent and placed them directly in the total cost function.

In this paper, every consumer is assumed to have identical Cobb-
Douglas preferences and consumes the fraction b(z) on industry z.

Therefore the utility function, U, can be represented as follows.

U=/b(z) In Q(z) dz (1)

! Anderson (1979), Deardorff (1989), and Krugman (1980) show that a product is differentiated
by geographical location which means that a gravity factor can be a source of the comparative
advantage.
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Q(z) is a sub-utility function that depends on the quantity of each
variety of z consumed.?

Total cost (TC) is assumed to be determined by the three elements.
First, factor cost is Cobb-Douglas in skilled labor and unskilled labor
whose factor rewards are s and w, respectively. Commodities are pro-
duced with a fixed cost and a constant marginal cost. The quantity
produced in industry z is denoted by Q(z). We assume that higher z
implies an industry that is much more skilled-labor intensive, because
index z represents both industry and skilled labor’s share of income in
that industry. Second, Hicks neutral TFP (Total Factor Productivity) is
represented by A(z), and it is assumed to upgrade the efficiency of both
skilled labor and unskilled labor. Third, this paper assumes that inter-
national trade is accompanied by transportation costs. It introduces the
iceberg assumption such that 7 unit of commodities need to be trans-

ported to deliver 1 unit of commodity to a foreign country.

Ja + 0(z)] siw'
TCI[Q(z)] = 4(2) X T 2)

In the general equilibrium, a consumer optimizes his/her utility
while a firm maximizes its profits. All production factors are utilized
completely and international trade is balanced. The price level is de-

termined as follows.

2 Romalis (2004) represents ()(z) as the symmetric CES function, assuming that firms produce the
variety of commodities which are imperfect substitutes for each other. Refer to Romalis (2004),
p- 71
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o Szwl—z
P(z) = o1 A(2) X T 3)

Where 0 = 1/(1 - 0), 0 is elasticity of substitution among commodi-
ties. The relative price, (p = p/p") is represented by the relative
wage rate (W = w/w’), relative productivity, 7 (z)= 4 )/ 4 (),

and the transport cost, (7) .2

ACORN | AR TASE TE); > 6., =10 )0V 4

We will introduce the trade equation of each country to see what
exactly determines comparative advantage in international trade. The

share of trade in each country’s total import value of foreign country, x,
is assumed to be a function of relative price(p = p/p") 4

When we log-linearize the trade share, x at zotolet 3 (z,)=1 and

rearrange equation (4), we get the following.®

H(2) = xlz, )+ %In(p(z)) ®)
— () + [z 0., @ -Ina(z)+ 7]

3 This paper assumes that the elasticity of substitution is the same for all countries in the theoreti-
cal setup. Thus, 8 is not represented by the relative term.

* Romalis (2004) reveals that the share of trade declines in the relative price of output.

5 Morrow (2008) derives the “unrestricted expression” by log-linearizing the relative revenue
function, in order to assess the role of Ricardian productivity that is not correlated with the fac-
tor intensity.
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Equation (5) implies that the trade share is determined by factor in-
tensity (8), relative factor price (i), transport cost(z), and technolo-

gical difference (7). This paper does not regard the relative factor

price (w) asanindependent variable in the empirical test because it is

not observable in the industry levels. As a result, the coefficient esti-
mates on factor intensity (6) are functions of relative factor price ().

2. Estimation Equation and Database

From equation (5), we arrive at the estimation equation.

Kl F k Kl Kkl k Kl
XN =B, + Zf:l B0y + B, na +f,Inz + D" + D, +D, +&) (6)

where X ftl denotes the trade share of country k with respect to coun-
try | in industry j in year t; 9;}, denotes factor intensity of factor f in
industry j of country k in year t; atk : represents relative total factor
productivity of country k with respect to country [ in year t; 7, tk " de-
notes the transport cost from country k to country [ in year t;
D ,Dj,D,,é‘ftl denotes country dummy, industry dummy, time

dummy, and error term, respectively.
The coefficient (f) sign of factor intensity tests the predictability of
the Heckscher-Ohlin model that each country exports the commodity

which intensively uses its relatively abundant factor. The coefficient

¢ Romalis (2004) does not estimate the coefficient on relative factor price (v ) but factor intensity (€).
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(Bnm) sign of the total factor productivity will test the Ricardian model
that posits that technological difference as a source of comparative ad-
vantage. Finally, the coefficient (f«) sign of the transport costs can indi-
cate the validity of the gravity model.

We expect positive signs for fr and S because they represent the
Heckscher-Ohlin and Ricardian models, respectively. The coefficient
(Bu) sign of the transport costs including contiguity (contig), colonial
link (colony), and common language (comlang) are expected to be nega-
tive, while the coefficient sign on the distance (LDIST) is expected to be
positive.

Table Al of the Annex shows that the country list includes the 7 de-
veloped countries including the US and Japan, the 27 EU member
countries, 3 other European countries including Russia, 11 Asian coun-
tries including China, 8 Latin American countries, and 9 African coun-
tries/LDCs. Industry list in Table A2 includes 19 agricultural industries;
16 manufacturing industries; 6 natural resource intensive industries
including fishery, forestry, and mining, and 1 service industry.”

The HS 6 digit data on bilateral trade was obtained from the UN
Comtrade database and it was reconciled to the GTAP classification.®
Trade share is calculated by dividing the industry export by the total

export value.’

7 Refer to Table Al and A2 for the detailed country and industry lists. The raw milk industry
(RMK) is excluded from the dataset for this paper.

8 The GTAP dassification is built from a correspondence table supplied by the U.N. Statistical
Division for H596 - ISIC REV3. - CPC version 1.0 - SITC Rev 3.

° Romualis (2004) rescales the trade share by dividing average value in order to ensure that the
result is not driven by a few large trading partners. Refer to Romalis (2004), pp. 81-83. The trade
share in this paper does not have a problem of large country bias.
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This paper extracts the data on factor intensity from the GTAP da-
tabase, because it is based on the input-output data of major economies
and provides a consistent industry classification. It uses the cost share
data on capital (CAPITAL), unskilled labor (UNSKLAB), and skilled
labor (SKLAB).10

This paper estimates the total factor productivity, extracting the da-
ta on capital from the GTAP database,'' and labor as well as GDP from
the database of WBDI (World Bank Development Indicator).”? It ap-
plies the methodology proposed by Caves et al. (1982) and Harrigan
(1997) to estimate the total factor productivity of countries b and c as

follows.

—\%» —\!-9 [ -0,
o -2(L(2) () (=)
Ve \l Ky l K

where vy, k, and | denotes the value added, capital, and labor, respec-

tively.  and K represent the geometric averages of all observations

in the sample, o, :(s(, +§)/ 2 when S, is the share of labor to total cost

of country c. This paper estimates the productivity level by setting the

10 The data on endowments - firms’ purchases at agents’ prices (EVFA) in the GTAP database are
used for the cost shares. This paper uses the data on unskilled labor, skilled labor, and capital,
excluding data on land and natural resources.

11 The data on capital stock value at beginning of period (VKB) in the GTAP database is used for
the capital.

12 This paper estimates the total factor productivity of each country, but does not report the total
factor productivity for each industry according to the sectoral classification in this paper. It is
because the GTAP database does not provide the sectoral data on the labor for each country.
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US productivity at 100, and uses the results of setting 2001 as the base

year for the estimations of Section 3.

Table 1. Total Factor Productivity

1997 2004
Country Base Yr: | Base Yr: 2001 Base Yr: | Base Yr:

1997 2001 2004 2001
United States 100.0 98.7 100.0 100.0 103.8
Japan 87.1 86.0 88.4 84.8 88.0
England 80.1 79.0 86.2 74.6 77.5
Germany 62.6 61.8 71.2 59.4 61.6
France 67.2 66.3 76.6 65.3 67.8
Ttaly 64.9 64.0 71.0 56.0 58.1
Spain 57.2 56.4 62.2 48.0 49.8
Sweden 77.5 76.5 88.6 74.0 76.8
Belgium 75.4 74.4 85.1 70.2 72.9
Luxemburg 134.9 133.1 131.5 107.5 111.6
Poland 323 31.8 31.6 304 31.6
Austria 60.3 59.5 68.8 59.6 61.9
Bulgaria 15.4 15.2 16.0 14.2 14.7
Cyprus 52.0 51.3 53.7 43.0 44.6
Czech Republic 28.0 27.6 314 24.7 25.7
Denmark 79.1 78.0 87.6 71.5 74.2
Estonia 24.5 24.2 323 30.6 31.8
Finland 62.3 61.5 70.1 60.5 62.8
Greece 49.2 48.5 55.7 46.1 47.8
Hungary 30.8 30.3 33.1 26.4 274
Ireland 84.6 83.4 92.5 74.0 76.8
Latvia 24.6 24.3 29.8 27.3 28.3
Lithuania 24.4 24.0 29.3 27.5 28.5
Malta 51.1 50.5 51.8 42.7 44.3
Netherland 68.5 67.5 72.9 59.7 61.9
Portugal 46.5 45.8 49.2 39.8 41.3
Romania 15.9 15.7 14.8 12.4 12.9
Slovakia 374 36.9 39.2 36.6 38.0
Slovenia 39.9 39.3 48.4 40.4 419

Source: Author’s calculation.
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Table 1. Total Factor Productivity- Continued

1997 2004
Country Base Yr: Base Yr: 2001 Base Yr: Base Yr:

1997 2001 2004 2001
Korea 50.1 49.5 57.3 50.6 52.5
China 12.7 12.5 14.5 16.4 17.0
Hong Kong 73.1 72.1 75.9 83.6 86.7
India 14.3 14.1 14.1 14.0 14.5
Indonesia 19.5 19.3 22.0 15.9 16.5
Malaysia 31.2 30.7 32.6 32.3 33.5
Philippines 18.5 183 20.6 20.0 20.8
Singapore 61.6 60.7 69.8 71.0 73.7
Thailand 19.7 19.5 224 14.6 15.2
Vietnam 11.5 11.4 11.1 8.9 9.2
Canada 73.2 72.3 77.4 68.4 71.0
Australia 64.7 63.9 77.4 63.1 65.5
New Zealand 47.3 46.7 57.8 45.1 46.8
Russia 12.2 12.0 16.8 27.9 29.0
Switzerland 80.7 79.7 85.6 72.3 75.1
Turkey 43.9 43.3 44.2 38.0 39.5
Croatia 29.1 28.7 33.0 29.4 30.5
Argentina 47.3 46.6 45.3 58.7 60.9
Brazil 25.9 25.6 30.8 28.9 30.0
Chile 45.0 444 51.1 45.3 47.0
Colombia 36.0 35.5 33.1 32.7 34.0
Mexico 46.6 46.0 40.3 37.7 39.2
Peru 24.9 24.6 26.2 20.0 20.7
Uruguay 60.6 59.7 58.1 61.8 64.2
Venezuela 46.7 46.1 35.3 36.4 37.8
Albania 16.8 16.5 18.2 13.5 14.0
Bangladesh 9.2 9.0 9.9 10.0 10.3
Botswana 31.1 30.7 33.7 31.1 323
Malawi 4.7 47 5.0 5.2 5.4
Morocco 18.8 18.6 21.0 18.2 18.9
Mozambique 6.2 6.1 9.4 8.5 8.8
Sri Lanka 14.2 14.0 14.7 16.6 17.2
Tanzania 11.2 11.1 10.7 10.5 10.9
Uganda 8.1 7.9 9.4 9.8 10.2
Zambia 8.9 8.8 9.5 8.2 8.5
Zimbabwe 11.9 11.7 9.8 12.4 12.8

Source: Author’s calculation.
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Table 1 indicates that the productivity of Luxemburg turned out to
be the highest, surpassing the US, but the difference has been decreas-
ing over the period from 1997 to 2004. The US is followed by Japan,
Ireland, Switzerland, England, Denmark, Sweden, Belgium, Canada,
and Hong Kong.

This paper uses the CEPII gravity dataset (dist_cepii.xls) for trans-
port costs including the distance measure (dist), which uses latitudes
and longitudes of the most important cities/agglomerations and takes
the log transformation (LDIST). It includes the dummy variables indi-
cating whether the two countries are contiguous (contig), have ever had
a colonial link (colony), and a language spoken by at least 9% of the
population in both countries (comlang). It also considers the dummy
indicating whether the two countries are the members of the same
FTAs (Free Trade Agreements) including the EU, EFTA, ASEAN, AN-
COM (Andean Community), CARICOM (Caribbean Community and
Common Market), CACM (Central America Common Market), ECO
(Economic Cooperation Organization), ECOWAS (Economic Commu-
nity of West African States)) UEMOA (West African Economic and
Monetary Union), and CEMAC (Economic and Monetary Community

of Central Africa), and so on.



[II. Estimation Results

This paper tests the statistical significance of the three competing
trade models at once, which is different from previous literature that
estimates them individually. We apply the OLS method to the pooled
dataset of 65 countries and 42 industries in 1997, 2001, and 2004; consi-
dering country dummies, industry dummies, and time dummies. We

also regress the trade shares for the regional as well as sectoral groups.

1. Estimation for the Pooled Data

Table 2 reveals that the parameters of production factors such as un-
skilled labor (UNSKLAB), skilled labor (SKLAB), and capital (CAPI-
TAL) turned out to be positive, as expected, and significant in the level
of 0.1%. The total factor productivity (TFP) turned out to be positive
and statistically significant.

The gravity variables such as distance, common borders, colony, com-
mon language, and FTA turned out to be consistent with the predictions
and significant in the level of 0.1~5 %. The distance variable has a negative
effect on the trade share, but other dummies have a positive effect.

When we regress the trade shares on unskilled labor (UNSKLAB),
skilled labor (SKLAB), capital (CAPITAL), and total factor productivity
(TFP) separately, all variables in Model 2, 3, and 5 turned out to be sig-

nificant and consistent with the predictions of the competing theories.
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Table 2. Estimation Results for the Pooled Data

Model 1 Model 2 Model 3 Model 4 Model 5
1.99*** 0.47%**
UNSKLAB - - -
(6.71) (3.07)
9.86*** 5.02%**
SKLAB - - -
(15.29) (10.96)
3.09%** -0.10
CAPITAL - - -
(11.11) (-0.83)
TEP 0.006 0.01** 0.008* 0.01** 0.01**
(1.26) (2.03) (1.76) (2.06) (2.06)
-0.51%** -0.44*** -0.45%** -0.43%** -0.43%**
LDIST
(-21.04) (-18.50) (19.05) (-18.33) (-18.41)
, 8.73%** 8.84%** 8.81*** 8.84*** 8.84***
contig
(113.15) (115.12) (114.79) (115.13) (115.15)
0.65*** 0.65*** 0.65*** 0.65*** 0.65***
colony
(7.43) (7.51) (7.50) (7.51) (7.51)
I 2.34%** 2.36%** 2.36%** 2.36%** 2.36%**
comlan
8 (40.39) (40.78) (40.73) (40.81) (40.81)
FTA 1.12%%* 1.24%** 1.22%** 1.24%** 1.24%**
(19.48) (21.74) (21.38) (21.82) (21.81)
C t
ountry Yes. Yes. Yes. Yes. Yes.
Dummy
Indust
naustry Yes. Yes. Yes. Yes. Yes.
Dummy
Time Dummy Yes. Yes. Yes. Yes. Yes.
Sample 220,092 220,092 220,092 220,092 220,092
F Value 613.46%** 621.38*** 622.67%** 621.28%** 626.78%**
1? 2 0.24 0.24 0.24 0.24 0.24

Note: The numbers in the parenthesis denote the t-statistics. ***, **, and * represent the
levels of 1%, 5%, 10%, respectively.

The TFP in Model 1 turned out to be insignificant but its sign was con-
sistent with the predictions. The estimates on the CAPITAL in Model 4
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seemed to be inconsistent with the predictions partly because the capi-

tal endowments are embodied in the skilled labor.

2. Estimation by Regional Groups

Table 3 indicates that the signs of the parameter estimates turned
out to be consistent with the predictions except the gravity parameters,
when we regress the trade shares for seven regions including the de-
veloped countries (the US, Japan, and Canada and so on), the EU, other
European countries, Asia, Central American countries, Africa, and
LDCs (Least Developed Countries).

Specifically, the parameters of production factors are all positive
and statistically significant, except the UNSKLAB in Africa and LDCs.
It is partly because the agricultural sector is dominant in Africa and
LDCs, and production factors such as land, and other resources have
greater effect on their trade shares than unskilled labor.

The signs of factor productivity (TFP) turned out to be significant
and consistent with the predictions for the developed countries, EU,
other European countries, and Asia; but insignificant for Central Amer-
ica, Africa, and LDCs. It is because the level of technology of these re-
gions has been relatively low and there are seldom products with tech-
nological advantage.

The distance variable turned out to have a negative effect on trade
share, but common border and common language have positive effects

on all regional groups. The colony dummy has a positive effect on trade
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shares of the EU, Asia, Africa and the LDC, but negative effect for the

developed countries, other European countries, and Central America.

Table 3. Estimation Results for Individual Regions

Variables |DeVeloPed)  pry | Other 1 o Central | )0 ica | LDCs
countries Europe America
14.18%** 2.34%** 12.54*** 13.46*** 9.19%** 6.09 3.80
UNSKLAB
(15.90) (5.40) (3.83) (14.14) (3.63) (0.84) (1.20)
10.77%** 17.58*** 32.05*** 6.76%** 10.22*%* | 256.15%** | 41.81***
SKLAB
(8.85) (17.22) (4.40) (3.89) (2.44) (9.20) (3.41)
14.19%** 5.20%** 16.34*** 12.54*** 8.06*** | 45.00%** | 10.7***
CAPITAL
(16.29) (12.29) (5.39) (14.66) (3.83) (8.51) (3.26)
TFP 0.04*** 0.06*** 0.14%** 0.07%** 0.02 -0.19 0.42
(3.75) (7.23) (4.83) (550) | (1.42) | (-0.74) | (1.24)
-1.58*** -0.37%** -1.18*** -1.33*** 2.06** | -1.84*%* | -0.73%*
LDIST
(2852) | (-12.37) |  (-8.98) (21.61) | (13.60) | (-4.77) | (-2.02)
conti 13.05%** 9.02%** 3.40%** 9.77%** 10.85*** 2.27** 2.75%**
8 (4550) | (95.72) (7.71) (42.93) | (32.89) | (2.27) | (3.35)
colon -2.12%%* 1.73%** -3.60%** 5.20%** -4 55 | 11.73%** | 5.42%**
Y (-1127) | (15.64) | (-6.65) (19.26) | (-10.92) | (10.69) | (7.54)
1.47%** 0.15 1.93*** 6.34%%* 1.39%* 1.88***
comlang -
(13.87) | (1.50) (17.56) | (27.28) | (2.51) | (4.19)
ITA 3.43%** 1.01%** 0.04 0.16 10.13*** | -2.68** -0.80
(12.10) | (15.68) (0.10) (0.85) | (25.84) | (-2.23) | (-0.83)
Country Yes. Yes. Yes. Yes. Yes. Yes. Yes.
Dummy
Industry
Yes. Yes. Yes. Yes. Yes. Yes. Yes.
Dummy
Time Dummy Yes. Yes. Yes. Yes. Yes. Yes. Yes.
Observations 33,716 106,543 7,337 41,526 22,981 2,229 5,760
F value 245.76*** | 543.68*** 43.68*** 210.41%** | 160.61*** | 26.59*** | 38.49***
R 2 0.29 0.28 0.23 0.23 0.29 0.36 0.27

Note: The numbers in the parenthesis denote the t-statistics. ***, **, and * represent the
levels of 1%, 5%, 10%, respectively.
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The FTA dummy turned out to have a positive effect on all regional
groups except Africa, which implies that the trade diversion effect is

bigger than the trade creation effect in case of African FTAs.

3. Estimation by Sectoral Groups

Table 4 shows that the results are consistent with the predictions in
case of the statistically significant parameters, when we classify the sec-
toral groups into agriculture, natural resource intensive (fishery, fore-
stry, and mining), and manufacturing industries.

In case of agriculture, all variables turned out to be significant and
consistent with the predictions except skilled labor (SKLAB) and total
factor productivity (TFP). The estimates for the production factors in-
cluding unskilled labor (UNSKLAB), skilled labor (SKLAB), and capital
(CAPITAL) as well as total factor productivity (TFP) turned out to be
insignificant for the natural resource intensive sector. It is partly be-
cause this sector is more dependent on resources such as land. In case
of the manufacturing sector, all parameters except total factor produc-
tivity turned out to be significant.

Estimation results for the three sectors indicate the individual cha-
racteristics of each sector. If we disaggregate the sectoral groups into
more than three sectors, it can reveal the more detailed information on
the industrial characteristics. It is notable that the TFP parameter turns
out to be statistically insignificant, partly because this paper does not

use the sectoral TFP data due to the data constraints.
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Table 4. Estimation Results for Individual Sectots

Variables Agriculture Natura! Resource Manufacturing
Intensive Sector
1.56%** -0.29 8.08***
UNSKLAB
(2.83) (-0.24) (23.11)
%%
SKLAB 2.69 143 8.27
(1.31) (0.39) (13.00)
$ok _ k%
CAPITAL 2.27 1.39 7.99
(4.76) (-1.33) (23.75)
-0.007 0.03 -0.003
TFP
(-0.67) (1.42) (-0.84)
-0.47%** -0.63*** -0.85%**
LDIST
(-10.04) (-6.00) (-35.28)
conti 9.71%%* 10.53*** 6.39%%*
3 (65.32) (30.54) (80.39)
0.48*** 0.70* 0.75%**
colony
(2.82) 1.77) (8.57)
comlan 2.07%%* 1.56%** 2.38%**
3 (17.48) (5.60) (42.99)
1.40%** 1.12%** 0.42%**
FTA
(12.01) (4.05) (7.70)
Country Dummy Yes. Yes. Yes.
Industry Dummy Yes. Yes. Yes.
Time Dummy Yes. Yes. Yes.
Observations 71,872 18,077 129,836
F value 270.90*** 87.67*** 430.96***
R’ 025 0.27 0.22

Note: The numbers in the parenthesis denote the t-statistics. ***, **, and * represent the
levels of 1%, 5%, 10%, respectively.

4. Relative Strength of Competing Models

This paper aims to test which of the three competing models ex-

plains the trade shares better. However, the magnitude of a parameter
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estimate as such is not a meaningful criterion to compare the relative
strength of the competing models. It is because the independent va-
riables related to each model are measured in the different units. Thus,
this paper calculates the standardized coefficients which can be ob-
tained by dividing a parameter estimate by the ratio of the sample
standard deviation of the dependent variable to the sample standard
deviation of the independent variable.

Table 5 reveals the standardized coefficients and relative strength
compared to total factor productivity (TFP). The relative strength of the
Heckscher-Ohlin model turns out to be the most potent, followed by the
gravity model, and the Ricardian model. The sum of one standard devi-
ation change in the three Heckscher-Ohlin variables turned out to be
about 9.69 times more potent than the Ricardian variable, total factor
productivity (TFP). On the other hand, the sum of one standard devia-
tion change in the gravity parameters turned out to be about 5.06 times
more potent than the Ricardian variable, total factor productivity (TFP).

Table 5. Relative Strength of Competing Models Compared to

the Ricardian Model
Variable Standardized Coefficient Relative Strength compared to TFP
UNSKLAB 0.29106 3.66
SKLAB 0.14204 1.79
CAPITAL 0.33700 4.24
TFP 0.07945 1.00
LDIST 0.32565 4.10
contig 0.02989 0.38
colony 0.00719 0.09
comlang 0.01013 0.13
FTA 0.02898 0.36




IV. Conclusions

This paper tests which of the three competing trade models better
explains the bilateral trade flows. For the empirical study, it derives a
consolidated regression equation to estimate the sources of compara-
tive advantage, setting up a consistent dataset on factor intensity, total
factor productivity, and gravity variables.

The estimation results generally confirm the three models, but rela-
tive strength of the Heckscher-Ohlin model turns out to be the most
potent, followed by the gravity model, and the Ricardian model. The
estimation results also reveal that signs of the production factor para-
meters are positive in all significant results. That signifies that each
country exports the commodity which intensively utilizes the relatively
abundant production factor. The Ricardian model was also confirmed
by the estimation results that signs of the total factor productivity
turned out to be positive in all significant results. The gravity variables
including the distance variable and dummies such as border, language,
colony, and FTA explain the changes in trade share very well. They
turned out to be significant in the level of 0.1~5% and have signs con-
sistent with the predictions.

It is very interesting to see that an explanatory power of each com-
peting model is different depending on the regional and sectoral
groups. A sign of the capital turned out to be negative in case of re-
gressions for the natural resource intensive sector, but they are not sta-

tistically significant. In case of the Ricardian model, this paper does not
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indicate that technological difference is statistically significant for sec-
toral groups. If we can estimate the industrial rather than the national
total factor productivity in a future research, it will produce a more
consistent result with respect to differences in the level of technology.
Notably, the sign of the colony dummy for developed countries, other
European countries, and Central America turned out to be different
from the prediction. Interestingly, the sign of the FTA dummy for Afri-
ca turned out to be negative due to the trade diversion effect.

The empirical results provide some policy implications for the Ko-
rean economy. First, Korea should strengthen the various sources of
comparative advantage because the competing trade models were con-
firmed by the estimation results. Specifically, Korea needs to set up an
institutional framework to support the accumulation of human capital
as well as physical capital, because skilled labor and capital turned out
to be more important than unskilled labor.

Second, Korea needs to adjust itself to the changing world trade
structure and homogenizing consumer demands. Furthermore, Korea
needs to set up global FTA networks to make the best of its sources of
comparative advantage. It is because the regional and sectoral results
reveal that each source of comparative advantage has different relative

strength depending on the regional and sectoral groups.
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Appendix

Table Al. Country List

Region

Country

Developed
Countries (7)

Australia (AUS); Canada (CAN); Japan (JPN); New Zeal-
and (NZL); Switzerland (CHE); Turkey (TUR); USA (USA)

EU (27)

Austria (AUT); Belgium (BEL); Bulgaria (BGR); Cyprus
(CYP); Czech Rep. (CZE); Denmark (DNK); Estonia (EST);
Finland (FIN); France (FRA); Germany (DEU); Greece
(GRC); Hungary (HUN); Ireland (IRL); Italy (ITA); Latvia
(LVA); Lithuania (LTU); Luxembourg (LUX); Malta
(MLT); Netherlands (NLD); Poland (POL); Portugal (PRT);
Romania (ROM); Slovakia (SVK); Slovenia (SVN); Spain
(ESP); Sweden (SWE); United Kingdom (GBR)

Other Europe (3)

Albania (ALB); Croatia (HRV); Russian Federation (RUS)

Asia (11)

Rep. of Korea (KOR); China (CHN); China, Hong Kong
SAR (HKG); India (IND); Indonesia (IDN); Malaysia
(MYS); Philippines (PHL); Singapore (SGP); Sri Lanka
(LKA); Thailand (THA); Viet Nam (VNM)

Central America (8)

Argentina (ARG); Brazil (BRA); Chile (CHL); Colombia
(COL); Mexico (MEX); Peru (PER); Uruguay (URY); Vene-
zuela (VEN)

Africa (3) Botswana (BWA); Morocco (MAR); Zimbabwe (ZWE)
Bangladesh (BGD); Malawi (MWI); Mozambique (MOZ);
LDCs (6) United Rep. of Tanzania (TZA); Uganda (UGA); Zambia

(ZMB)

Note: Country names followed by ISO codes in parentheses.
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Table A2. Industry List

Sector

Industry

Agriculture (19)

paddy rice (PDR); wheat (WHT); cereal grains nec (GRO);
vegetables, fruit, nuts (V_F); oil seeds (OSD); sugar cane, sugar
beet (C_B); plant-based fibers (PFB); crops nec (OCR); bovine
cattle, sheep and goats, horses(CTL); animal products nec
(OAP); wool, silk-worm cocoons (WOL); bovine meat prod-
ucts (CMT); meat products nec (OMT); vegetable oils and fats
(VOL); dairy products (MIL); processed rice (PCR); sugar
(SGR); food products nec (OFD); beverages and tobacco prod-
ucts (B_T)

Manufacturing
Sector (16)

textiles (TEX); wearing apparel (WAP); leather products
(LEA); wood products (LUM); paper products, publishing
(PPP); petroleum, coal products (P_C); chemical, rubber, plas-
tic products (CRP); mineral products nec (NMM); ferrous
metals (I_S); metals nec (NFM); metal products (FMP); motor
vehicles and parts (MVH); transport equipment nec (OTN);
electronic equipment (ELE); machinery and equipment nec
(OME); manufactures nec (OMF)

Natural Resource
Intensive Sector (6)

forestry (FRS); fishing (FSH); coal (COA); oil (OIL); gas (GAS);
minerals (OMN)

Service Sector (1)

services (Svces)

Note: Industry names followed by GTAP sectoral codes in parentheses.
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Table A3. Summary Statistics of Variables

VARIABLE MEAN STANDARD DEVIATION
UNSKLAB 0.432 0.155
SKLAB 0.099 0.073
CAPITAL 0.408 0.196
TFP 49.409 25.958
LDIST 8.330 1.124
contig 0.067 0.250
colony 0.043 0.203
Comlang 0.122 0.327
FTA 0.272 0.445
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