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ABSTRACT

The export-led growth hypothesis is one of the most popular topics in growth

economy. Many researchers have tried to test the hypothesis by using different variables

and a range of test methods. The results were mixed. This study emphasizes the specific

industries by using industry-level data to test Granger type causality.

We used a five-variable Lag Augmented-VAR (LA-VAR) model to test the

export-led growth hypothesis in the case of Korea. We found that all light manufacturing

industries show bi-directional causality and the result is robust to lag structure and data

characteristic. The Non-metallic Mineral Products (industry 36) and The Motor Vehicles

and Transport Equipment (industry 385) supported the export-led growth hypothesis in

the sense that there is unidirectional causality from export to productivity. In heavy

industry, we found more industries that have clear causal direction from productivity to

export, rather than from export to productivity. However, some heavy industries

showed sensitivity in lag structure, meaning the causal direction could not be determined.

No causality at all was found in the Medical, Precision and Optical Instruments industry.

We suspect that there is "productivity paradox" in Electric and Electronic Equipment

(industry 383) and Medical, Precision and Optical Instruments (industry 384).
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Industry-specific industrial policy turns out to be superior to across-the-board

industrial policy because policy implications differ by industry. Promotion of export

behavior is not always the path to economic growth in every industry. As can be learned

from the analysis of light manufacturing industries, promotion of competition and better

networking and the reduction of sunken cost for industry would be a good focus for

future policy. Better understanding of the mechanism for transmission of externalities

could lead to better policy analysis.
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CHAPTER 1

INTRODUCTION

The relationship between export and productivity has a long history of research.

In classical framework, productivity was not in the mainstream of research interest

because it was treated as exogenous to the system. According to comparative cost theory,

each country will have comparative advantage with a different product and export the

product that has the comparative advantage. In this regime, the product that has labor cost

advantage will export that product. However, it is not difficult to see that productivity is

affected by such factors as R&D, social accumulation of knowledge, infrastructure of the

society, domestic and international market structure, etc. New growth theory or the so

called "endogenous growth theory" provides the argument that productivity growth could

come from various sources, such as economies of scale, positive external effect, and

learning by doing.

The reason for the intense research in export and productivity relationships is

that the directions of causation between these variables have important implications for

the industrial policy. Existence of a positive export to productivity linkage explains the

prevailing export-led growth policy and provides justification for the government's

industrial policy of subsidizing the firms with growth potential while protecting the

industry. However, estimated absence of any causal link from export to productivity

suggests that protective industrial policies, such as import tariff, do not boost productivity
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gam. While scholars who find causal direction from export to productivity support

government's active involvement in export promotion policy, those who do not find the

linkage between export and productivity suggest R&D or an output subsidy as more

effective in stimulating productivity growth. The absence of this export to productivity

linkage may be extended to strong support of the counter argument of infant industry.

Critics of the infant industry argument state that protection of the industry fails to increase

productivity; thus, they claim that the "infant industry never grows up".

Positive associations between productivity growth and export growth lead to

three causal hypotheses: that productivity is largely induced by the demand prospects via

export growth; that productivity determines the rate of growth of export and is

independent of export demand; or that there is a bi-directional relationship between

export growth and productivity growth. 1

In theory and general perception, the presence of causal direction from export to

productivity seems to be obvious. Proponents of export-led growth use several arguments

to prove their point. One of the most convincing explanations of the existence of causal

direction from export to productivity comes from the country with small domestic market.

In a country with a small domestic market, export behavior could stimulate economic

growth by providing the opportunity to take advantage of economies of scale (Grossman

and Helpman; 1990). Greater exports enable a firm to operate in larger scale than before,

which will allow the firm to take advantage of economies of scale. Also, even though the

effect is not direct, export activity provides the economy with the means for importation

of capital and technology-embodied intermediate goods that provide a base for
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productivity growth. A second strong argument is the efficiency gam from export.

Exporting provides a ground for global competition and, through the competition,

participants could achieve efficiency gain (Balassa, 1978; Bhagwati and Srinivasan, 1979;

Kruger, 1980). Also, export seems to induce investment in the most efficient firms of the

industry and this specialization in the sectors is seen to increase productivity. Exposure to

foreign competition increases pressure to become competitive and thus spurs introduction

of technological change, which improves productivity. The third argument is that export

led growth expects the positive influence of export on the economy through technological

spillovers and other positive externalities to the society. Increase in export will contribute

to the expansion of stocks of knowledge and human capital in the economy, thereby

providing positive influence on all firms in the economy. The contribution of export may

be seen as external to the non-exporting sectors/firms, but is internal to the economy or

industry. Thus, the hypothesis predicts that an increase in the rate of export growth will

cause economy-wide productivity gain through economies of scale, more effective

allocation of resources, exposure to world competition, positive externalities, contribution

from the foreign knowledge to domestic knowledge, and importation of capital goods.

In spite of the convincing arguments that there are ample possibilities of export

spurring economic growth, we find that empirical studies do not overwhelmingly support

the export-led growth hypothesis. Endogenous growth theory provides a counter

argument for that of export-led growth. Bhagwati (1988) points out that neo-classical

theory is based on that fact that other factors, such as input or factor productivity growth,

are responsible for economic growth and export growth is a result of economic growth.
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Krugman (1984) claims that under specific market structure, especially in 01igopolistic

market structure with Coumot behavior, import protection could expand domestic sale

and lead to productivity growth. Also, government intervention due to market failure may

also lead to growth-led export.

The numbers of researches that support the export-led growth hypothesis and

those that do not support the hypothesis are evenly divided. Bi-directional causality

gained much attention in empirical research. Weare puzzled to see why there are

numerous research efforts that validate the export-led growth hypothesis, while others

strongly reject the hypothesis. There are possibilities of having technical problems in the

analysis, from selection of estimation methods to determining relevant variables for the

analysis. Previous researches focused on the trial of different testing methods and

different variables. However, there may be further difficulties in drawing the proper

conclusion regarding this hypothesis because of the level of analysis that has been used.

In the Granger-type causality test, which was used to probe relations between

productivity and export growth in most of the research, utilizing the industry data has

been less emphasized. Macro-level research may face an aggregation problem, which

does not distinguish individual effects in drawing a conclusion. Also, macro-level

analysis may have difficulty in catching the characteristics of industry-specific properties.

Thus, macro-level research does not provide clear industrial policy implications even if

we have agreement on this issue, which we do not. Even if there is a clear linkage,

implementation of this policy may result in a successful consequence in some industries,

but fail to succeed in some other industries.
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This research is to probe the link between trade and productivity by focusing on

the characteristics of each industry. By focusing on the industry-level analysis, we may be

able to provide specific and unequivocal implications for industrial policy. This research

will give close insight to the relations between export and economic growth and could

provide an answer to the prerequisite for productivity growth as a result of export growth,

or vice versa. By focusing on industry-level study, we expect to draw conclusions

regarding why certain industries support the hypothesis while others do not and what

causes the differences.
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CHAPTER 2

KOREAN ECONOMY AND HER MANUFACTURING SECTOR

2.1 Korean Economy Overview

Since the beginning of the first five-year economic development plan in 1962,

the Korean economy has achieved remarkable economic growth. In doing so, her

economic size, as well as structure, has changed tremendously. Korea's development

strategy can be characterized as growth-oriented, industry-oriented, and outward-looking.

At the beginning stage of development there was a consensus on achieving economic

development. In the process of economic development, her small size and deficiency of

natural resources gave little room to choose other than a trade dependent economic

structure. Most of the intermediate goods were imported in order to export final goods.

One explanation of Korea's economic success comes from following the "flying

geese", which was originally suggested by Akamatsu who explains the newly

industrializing country's (NIC's) economic development in the context of product life

cycle theory. Some Japanese scholars2 introduced "catching-up product cycle theory" to

synthesize Akamatsu's view and Vernon's product life cycle theory. They explained that

with the repetition of the product cycle, developing countries will follow the Japanese

style growth pattern in which diffusion of technologies makes it possible for the less
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developed countries to catch up and close the technology gap with developed countries.

In the similar context, rapid growth in the Korean economy can be found from the fact

that she took full advantage of "benefit of latecomers" (Kim and Tosio, 1997). A positive

factor of the international environment for Korea's advantage was that there were ample

new technologies available for her to utilize rather than develop on her own. By

importing technologies, mostly in joint venture with developed countries, rather than

developing her own technologies, the Korean economy could reduce the technology gap

between her and technology leader and could achieve high economic growth.

Some other researchers on Korea's rapid economic growth have focused less on

the neoclassical view of the role of government to economic development and more on

the political economy, especially how the Korean government's industrial policy

influenced her economic development.3 The Korean government had an active role in the

establishing market structure and utilized private as well as public resources, in line with

its vision of how the Korean industrial structure should evolve. At the beginning stage of

economic development, because of the lack of investment resources from private sector

and the absence of industrial infrastructure, economic development was initiated from the

top and was spread to the bottom. Korea chose heavy industry as her stepping-stone for

strategic development. However, the minimum efficient size for management is large in

the early stage of economic development in small country and the large company was

needed. "Chebol" took that role with the support of government that provided capital and

skilled labor. The fact that comparative advantage for most of heavy industry relies on the

facilities rather than high technologies was one of the arguments for the development of

- 7 -



that industry. The top to bottom economic development was maintained with a sort of

religious passion. Korea exerted herself on her unique goal, economic development. The

widespread public consensus, in which confrontation with North Korea may have

provided an urgency to build a wealthy and strong country, made it easy for the

government to make and execute economic policy. Liang (1995) argues that a strategic

import protection policy combined with an export promotion policy has aided the Korean

economy.4 Along with a favorable international economic environment, education played

an important role in enhancing the capability of Korea to assimilate technology from

abroad. With her highly educated human resources, Korea could take full advantage of

the favorable international environment. Utilizing augmented technologies from imported

intermediate goods made it possible for Korea to reduce the product life cycle. .

Internalization of "benefit of latecomer", nationwide unity on economic development, and

strong craving to be well educated may be the most important engines of Korean

economic growth.

Today, however the process of Korean economIC growth is under severe

criticism. In the process of economic development, the Korean government distorted the

market price mechanism and failed to impede rent-seeking behavior from economic

agents. Krugman (1994) argued that Korean economic development was achieved by

accumulating more factor inputs and was not an economic miracle. Yuhn and Kwon

(2000) found little productivity growth in the process of Korean economic growth. Since

Korea depended on augmented technologies from other countries, she was not eager to

invest in R&D in order to develop her own technology.
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2.2 Changes in Industrial Policy

Most studies of Korean development claim that at the early stage, an import

substitution policy was maintained until Korea turned to an export promotion policy in

the mid-1960s. However, it would be safer to say that policymakers adopted the export

promotion and import substitution strategies together. Products for import substitution

were selected based on backward linkages to support export. Export expansion and

import substitution were not contradictory, but complementary to each other in the

Korean economy. However, the affiliation of firms (the Cheobol) ended up with the

concentration of economic power. The government's futile effort to control them can be

seen from the enactment of monopoly regulation and "Fair Trade Law". Throughout the

economic development, the Korean government tried to promote small and medium

firms' economic activities.

The 1960's and 1970's industrial policy focused on supporting export sectors

and promoting heavy and chemical industries, such as machinery, shipbuilding,

electronics, iron and steel, and petrochemical. In the course of pursuing industrialization

by export, the Korean government supported exporters by providing preferred export

financing, reducing tax, and depreciating the Korean Won. When the light manufacturing

sector -oriented export drive faced stagnation and the economy experienced a chronic

trade deficit, especially with Japan, the Korean government launched a heavy and

chemical industry development plan in 1973 to support heavy industry the major export

sectors.s These sectors, including iron and steel, petrochemicals, fertilizer, machinery and
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electronics, represent Hirshman's backward-linkage import substitution to support import

sectors in Korea. The government provided financing by establishing the Korea

Development Bank and the Export-Import Bank of Korea. It also provided tax incentives,

as well as a protective tariff for heavy and chemical industries. By upgrading its industrial

base, Korea could avoid competing with other low-wage countries in the light

manufacturing industry. However, these industrial policies were not based on the

international competitive advantage, but on government's will. These caused inefficiency

in distribution of resources and unbalanced growth between industries. It caused a

deepening dependency on foreign economies.

From the 1980s, the Korean government exerted itself to reduce inefficiencies of

government-led growth. Government changed its support from direct to indirect support

by allowing the market to choose investment, production, price setting and direction of

the industrial development strategy. Government enacted a "fair trade act" in 1980 in

order to provide protection for the medium and small size firm. Also, import

liberalization was started, beginning with the manufacturing sector, then the agricultural

sector. The degree of import liberalization was 69% in 1980, but the rate went up to

96.5% in 1990. Government changed the foreigner's investment authorization method

from a positive system to a negative system in 1984. In order to increase the economy

wide efficiency, government worked as an arbitrator in heavy and chemical industries.

Where there was excessive investment, government took steps to cancel or reduce future

expansion project; where there was excessive competition, government helped to

monopolize the industry. 6 Government also subsidized industries that faced structural
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stagnation due to change in international environments, lost comparative advantage to

later industrializing countries, and lost price competitiveness because of wage hike or

lack of technological advantage. Especially in the shipbuilding industry, merger and tax

credit were major instruments for the "normalization" of operation. In order to increase

competitiveness in the losing industries, government provided temporary protection and

subsidized R&D. In this period even though much emphasis was on R&D and quality

control, R&D expenditure, as well as the capability of producing new product, was

meager compared to advanced countries.

Table 1 shows the type of industrial policy in selected industries. The most

popular method was entry barrier and was used in all selected industries. The popularity

comes from the fact that it was straightforward to implement and undemanding to manage.

Also, the close supervision method was used to protect domestic industries. In Table 1,

we can see that the most varied methods were used to protect the electrics and electronics

industry and the steel industry. It was common to see a protection policy at the

introduction of major products in the electrics and electronics industry. While protecting

domestic industries, the Korean government also tried to promote growth of small and

medium firms. In Appendix A, we report industrial policy for small and medium firms.

Even though those laws were enacted, the effectiveness of the law has been criticized.

Contrary to the government's intention, imbalance between the large firms and the small

and medium firms grew larger and this structural problem still persists in the Korean

economy.
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Table 1: Industrial Policies for Selected Industries

Non-
Type of Policies Machin- Ship- Electron- Petro-

Steel metallic Textile
\ Industries ery building ics chemical

Mineral

Provide Entry
V V V V V V VBarrier

Facility
V V V V V VRestriction

Importing raw
V V V

material

Production
V V V V V

standardization

Restrictions on
V V

technology import

Price
V V

Control

Report and
V V V V V V V

Supervision

Rationality of
V V V V V

Industries

R&D
V V V V V

Subsidy

Joint Venture
V

Project

Special
V V V V V V

Funding

Financial
V V V V V V

Support

Direct
V V

Subsidy

Reduction on
V V V

Fees
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Table 1: Industrial Policies for Selected Industries (Continued)

Non-
Type of Policies Machin- Ship- Electron- Petro-

Steel metallic Textile
\ Industries ery building lCS chemical

Mineral

Tax
V V V V V

Reduction

Special Industrial
V V V V

Complex

Support Business
V V

Abroad

Purchase Raw
V V

Material

Source: Kang (2001)
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2.3 Korean Manufacturing Sector: An Overview

During the economic development period, the industry in the leader position

changed, which implies industrial structure change. A typical industrialization starts from

the light-manufacturing sector and spreads to the heavy manufacturing sector. At the

beginning, due to lack of industrial and social infrastructure, economic development

starts with the industry that uses less technology and more labor or resource. The Korean

economy was not an exception and has experienced structural change similar to those of

developed countries. While light industry led the Korean economy at the early stage of

development, heavy industries took over the role in the late 1980's. Due to a lack of

technology and natural resources, the Korean government did not have much choice but

to choose a labor-intensive industry as a stepping-stone for economic development. Table

2 shows the change of the leading industries in Korean manufacturing sector. Based on

the output of each manufacturing industry, the textile industry was a leader until 1985,

but had to yield its position to the electrics and electronics industry. Even though the

textile industry gave up its leading position and has lost ground, it is still an important

industry in Korean manufacturing. Along with the automobile industry, the electrics and

electronics industry became a leading industry from the early 1990's. Booming in the

information technology (IT) industry in the world, electrics and electronics industry could

take over the leader position from the textile industry. Also, with the growth of personal

income, demand for automobiles soared in the mid 1990's. The chemical industry has

been in the leading group since 1975 and kept the position throughout economic
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development due to government investment at the early stage of economic development

plan. In research of the manufacturing sector, Kim, H. (2000) found that economies of

scale could be found, in the short run, in the Korean manufacturing sector, but the

productivity spillover effect was weak. In his regression analysis, the spillover effect from

supply side was meager while that from demand side was significant. Thus, he agrees that

increase in productivity in the Korean manufacturing sector was not from technological

innovation, but from expansion of the demand side. In spite of astonishing economic

growth, the lack of technological accumulation in the Korean manufacturing sector is

being criticized.

One of the characteristics of trade structure of the Korean economy is that Korea

is closely linked with the economies of the US and Japan. Kim and Jang (2001) found

that by dividing intra-industry trade (lIT) with vertical lIT (VIIT) and horizontal lIT

(HIlT), VIIT dominates HIlT in Korea and the share of lIT in Korea's trade increased

continuously and led the expansion of her total trade volume. Important factors for

determining the HIlT were per capita income, the share ofmanufactured goods in exports,

and degree of product differentiation. In VIIT, per capita income differences and foreign

direct investment (FDI) are deemed to be important determinants for Korea. lIT indices

reflect the several countries' preponderance in trade volume. In 1999, Korea heavily

relied on trade with US, Taiwan, China, and Japan. While lIT with Taiwan (56.3), the US

(52.2), China (47.1), and Japan (45.9) were high, those with Saudi Arabia (1.1), Iran (1.3)

were very low.
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Production process involves complex interaction between different industries.

Each industry manufactures a product by using raw materials and intermediate products

from other industries. Also, this product could be used as an intermediate good for the

industries by the increase in one unit of final consumption of one industry. The

coefficient of each category is calculated with [(I_Adr1yd / Final demand in each

category] where Ad is matrix of input coefficient in domestic input-output table; yd is

vector of domestic final demand (consumption, investment, export). Table 3 shows the

production inducement coefficient in manufacturing sector and the coefficient has been

decreasing since 1990. The coefficient in the manufacturing sector dropped from 1.592 in

1990 to 1.532 in 1998. The decrease in coefficient is due to the increase in the

importation of intermediate goods, and thus indicates a growth in import dependency in

the Korean manufacturing sector. That is, there is less dependency between domestic

industries in the manufacturing sector, but more reliance on products from foreign

countries' manufacturing sector.

With the globalization of the world economy, the production of intermediate

good and parts rely on original equipment manufacturer (OEM). The coefficient of the

basic metal industry has been decreasing, but is still the highest in the manufacturing

sector. High coefficient in the industry is due to the fact that products from the industry

are being supplied as an intermediate good to other industries. Also, the industry is

competitive in the world market. High coefficients also could be found in the

manufacturing of fabricated metal and manufacturing of transportation equipment. There

was a decrease in the production inducement coefficient in the textile industry. A
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decrease in production inducement coefficient in textile and leather product industry

indicates that the industry is getting less important in its contribution to the Korean

economy. Much of the industry's manufacturing facilities in the textile and leather

product industry have moved to other less developed countries, such as China and

Indonesia. The coefficient shows that the textile and leather product industry isa

declining industry in the Korean economy. When we compare the coefficients with Japan,

all the coefficients were high in Japan. Differences in heavy industries are higher than

those of light industries, reflecting Japan's heavy industry oriented industrial structure.

The input-output table shows the interaction between each industry. Backward

linkage effect can be measured by the index of the power of dispersion and forward

linkage effect can be measured by the index of the sensitivity of dispersion. Table 4

shows index of the power of dispersion and index of the sensitivity of dispersion in the

1990's. In 1990, the manufacturing sector's index of the power of dispersion and index of

the sensitivity of dispersion were 1.047 and 2.060, respectively. These indexes had

dropped to 1.026 and 2.01, respectively, in 1998. Decrease in both indexes can be

interpreted as weakening interactions within the manufacturing sector and with non

manufacturing sectors. In the service sector, the index of the power of dispersion dropped

from 0.839 to 0.833, but the index of the sensitivity of dispersion rose from 1.392 in 1995

to 1.417 in 1998. Compared to other industries in 1998, higher index of the power of

dispersions were recorded by the basic metal industry (1.228), fabricated metal industry

(1.200), transportation equipment industry (1.174) and these industries' indexes declined

from 1990, except for the fabricated metal industry. Also, the basic metal industry (0.810),
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chemical product industry (1.752), wood and paper product industry (1.252) have high

index of the sensitivity of dispersions in 1998 and the indexes dropped from the early

1990's, except for the chemical product industry which shows a slight increase. In the

petroleum and coal product industry, there was a decline in index of the power of

dispersion, but sizable increase in index of the sensitivity of dispersion. The reason for

this movement is that there was an increase in import dependency of petroleum and coal

in the production process and the other industries rely more on the petroleum and coal

products for the production of their own product. The most dramatic change could be

found in the textile and leather product industry. Index of the power of dispersion was

highest (1.193) in 1990, but dropped to 1.065 in 1998. Index of the sensitivity of

dispersion also shows a huge decline in the industry. This shows that the industry is less

important in the Korean economy and the reason for this decline could be found from the

fact that the industry lost its price advantage over other developing countries and the

industry could not catch up to developed countries' technology.

Table 5 shows the amount each industry and sector created value-added. When

we look at changes from 1995 to 1998, we find that most industries and sectors

experienced a drop in the coefficient. This is mainly due to financial crisis and lack of

recovery from it. However, the textile and leather product industry shows a continual

increase in the coefficient, which shows that the industry produced a higher quality

product throughout the 1990s. Even as the industry lost price comparative advantage, it

sought to develop a high price product. Design became more important in producing

textile product. High value-added factor in the industry is related to marketing and
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managing textile product rather than manufacturing the product. The wood and paper

products industry and the fabricated metal industry also show constant increase in the

coefficient. We can see that all industries' coefficient has increased from 1985 to 1995,

except the food product and beverage industry. The food product and beverage industry is

trying to introduce high value-added product, but lack of packaging and processing

technology made it difficult for the industry to achieve its goal. When we compare the

coefficient with that of Japan, there exists a sizable gap between them. Japan excels in all

industries and Korea's narrowing the gap will take much time and effort.

It is interesting to understand the variables that affect the Korean firm's

performance. Choi (2000) used contribution analysis and found out that the main sources

of variation in the profitability of the Korean manufacturing sector are wage rate and

interest rate. This indicates that the Korean manufacturing sector still relies on price

competitiveness and that factory automation is far from established. The interest rate is an

important variable in understanding the performance of firms in Korea. Even though they

exert themselves to reduce the rate of borrowings, data did not show the effort. Ratio of

borrowings to total asset was 44.3% in 1980s and went up to 54.2% by the end of 1997.

Even though the rate dropped to 41.2% by the end of the 2001, compared to that of the

u.s. (27.4% in 2000), the ratio is very high. With this high borrowing and high interest

rate, the Korean manufacturing sector cannot thrive. Since firms in the manufacturing

sector heavily rely on loans, fluctuations of the interest rate affect their performance.

Table 6 shows the performance of the manufacturing firms in the 1990's. This table is

based on the annual average performance of each industry from 1991 to 2000. The growth
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rate of total asset, which is part of the leading growth index, shows that industry 383 has

outstanding growth in the 1990s. This is mainly due to the boom in the manufacturing of

semiconductor, TFT-LCD and other IT related products. In the sales growth category, not

only industry 383 but also industry 385 and industry 35 show strong performance. For

industry 384, total asset per capita was lower than any other industries in the

manufacturing sector. It is a puzzle to see this number in a highly technology-intensive

industry. Growth of sale has been continuously recorded in all segments of the

manufacturing sector, especially industries 383 and 385, which showed stronger

performance than others. Increase in the export of semi-conductors and automobiles

contribute to this steady growth pattern in the 1990s. However, ordinary income to sale

has been cruel to industry 385. In spite of strong growth of sales and total asset, industry

385's balance sheet did not show its positive aspect. Industry 382 shows strong

performance in the growth of ordinary income to sale category. The industry has not only

stable performance of growth in asset and sales, but also high rate of growth of ordinary

income. Another financial indicator for evaluation of the firm is the debt ratio. The

manufacturing sector has tried hard to reduce this ratio, especially after the 1997 financial

crisis. The average debt ratio in 1980 was 361.2 and was reduced to 302.4 before the

financial crisis. It went up to 396.3 in 1997 but was reduced to 182.2 by the end of 2001.

Due to continuous effort, the Korean manufacturing sector became healthier.

Korea faces tough competition with rival Taiwan and such LDCs as China and

Thailand. Table 7 shows the 'world best' products from Korea. Korea shows her strength

in electronics devices, especially in the production of LCD and DRAM. From the table,
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we can see that technology and concentration on their respective area are major sources of

their success in the world market.
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Table 2: Annals of Leading Industries in Manufacturing Sector

D 1975 I 1980
I

1985 I 1990 I 1995 I 2000
I

Electricsl Electricsl Electricsl
1 Textile Textile Textile

Electronics Electronics Electronics

Electricsl
2 Refinery Refinery Textile Automobile Automobile

Electronics

Chemical Chemical Chemical Chemical
3 Textile Textile

Product Product Product Product

Chemical Chemical
4 Food Food Refinery Automobile

Product Product

Electricsl General
5 Iron Food Iron Food

Electronics Machinery

Electricsl Fabricated
6 Iron Iron Iron Refinery

Electronics Metal

7 Tobacco Automobile
Ship-

Refinery Food Iron
building

General Fabricated General
8 Drink Rubber Automobile

Machinery Metal Machinery

Fabricated Fabricated
9 Wood Paper Rubber Refinery

Metal Metal

General Ship- Ship-
10 Rubber Tobacco Shipbuilding

Machinery building building

Source: National Statistics Office. Based on output of each industry.
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Table 3. Production Inducement Coefficient in Manufacturing Sector

Unit: %

INDUSTRIES\YEAR 85 90 95 98
Japan

(1995)

Food products and Beverage 2.112 2.154 2.044 2.051 2.128

Textile and Leather Product 2.210 2.205 1.949 1.895 2.139

Wood and Paper Product 1.847 1.841 1.808 1.892 2.154

Printing and Publishing 2.102 2.092 1.988 2.063 2.021

Petroleum and Coal Product 1.229 1.284 1.182 1.140 1.223

Chemical Product 1.895 1.949 1.903 1.926 2.239

Non-metallic Mineral 1.967 1.918 1.968 1.941 2.078

Basic Metal 2.389 2.286 2.186 2.184 2.357

Fabricated Metal 2.139 2.203 2.208 2.135 2.225

General Machinery 2.061 2.082 2.021 2.043 2.279

Electrics & Electronics Device 1.846 1.952 1.767 1.668 2.279

Precision Instrument 1.828 2.000 1.961 1.874 2.237

Transportation Equipment 2.039 2.186 2.132 2.087 2.902

Furniture and other N.E.C. 2.176 2.058 1.895 1.897 2.235

Source: Bank ofKorea
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Table 4. Index of the Power of Dispersion and Index of the Sensitivity of Dispersion
in Manufacturing Sector

Unit %

Index of the Power of Index of the Sensitivity of

Dispersion* Dispersion**

90 95 98 90 95 98

Food products and Beverage 1.165 1.137 1.153 1.296 1.181 1.231

Textile and Leather Product 1.193 1.084 1.065 0.996 0.838 0.800

Wood and Paper Product 0.996 1.006 1.064 1.263 1.246 1.252

Printing and Publishing 1.132 1.106 1.160 0.697 0.763 0.730

Petroleum and Coal Product 0.695 0.658 0.641 1.040 1.039 1.179

Chemical Product 1.054 1.059 1.083 1.746 1.742 1.752

Non-metallic Mineral 1.037 1.095 1.091 0.859 0.886 0.860

Basic Metal 1.237 1.216 1.228 2.064 1.883 1.810

Fabricated Metal 1.191 1.228 1.200 0.750 0.823 0.820

General Machinery 1.126 1.125 1.149 0.877 0.884 0.836

Electrics & Electronics Device 1.056 0.983 0.938 0.966 1.001 0.954

Precision Instrument 1.082 1.091 1.053 0.611 0.619 0.620

Transportation Equipment 1.182 1.186 1.174 0.905 0.888 0.838

Furniture and other N.E.C. 1.113 1.054 1.066 0.634 0.634 0.627

Manufacturing Sector 1.074 1.047 1.026 2.172 2.060 2.013

Source: Bank ofKorea

*Index ofthe power of dispersion ofj industry = e*r/[(e*rij*e')/n]
**Index ofthe sensitivity of dispersion of i industry = ri*e'/[(e*rij*e')/n]
N: number of industries,
r: vector of production index of the sensitivity of dispersion (I_Adyl
e: unit row vector, e': transpose of e
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Table 5. Value-Added Inducement Coefficient in Manufacturing Sector

Unit· %

1985 1990 1995 1998
Japan

INDUSTRy\YEAR (95)

Agricultural, Forestry, Fishery 0.903 0.911 0.904 0.869 0.955

Mining 0.896 0.927 0.930 0.917 0.957

Manufacturing Sector 0.635 0.688 0.696 0.644 0.889

Food products and Beverage 0.811 0.827 0.810 0.778 0.898

Textile and Leather Product 0.624 0.652 0.673 0.694 0.886

Wood and Paper Product 0.520 0.573 0.618 0.630 0.855

Printing and Publishing 0.740 0.784 0.807 0.810 0.945

Petroleum and Coal Product 0.263 0.299 0.439 0.411 0.623

Chemical Product 0.578 0.637 0.662 0.619 0.888

Non-metallic Mineral 0.707 0.792 0.819 0.800 0.932

Basic Metal 0.534 0.583 0.609 0.592 0.821

Fabricated Metal 0.647 0.716 0.739 0.751 0.917

General Machinery 0.662 0.704 0.719 0.696 0.928

Electrics & Electronics Device 0.570 0.619 0.653 0.543 0.888

Precision Instrument 0.632 0.682 0.774 0.691 0.906

Transportation Equipment 0.648 0.735 0.721 0.690 0.926

Furniture and other N.E.C. 0.695 0.723 0.737 0.733 0.910

Service 0.879 0.906 0.907 0.893 0.965

Average (All sectors) 0.762 0.778 0.789 0.761 0.935

Source: Bank ofKorea
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Table 6. Performance of Firms in Manufacturing Sector

Unit %
A B C D E F G H I

31 12.24 9.56 0.82 3.76 0.77 5.87 13.23 78.98 295.06

32 12.03 7.43 0.13 0.10 -0.14 4.12 12.42 100.89 213.95

33 11.91 8.34 0.38 1.25 0.24 4.71 12.48 103.11 222.75

34 14.13 12.92 1.00 3.74 0.85 6.11 12.27 89.21 303.39

35 14.30 14.64 2.06 7.52 2.28 7.53 11.17 89.96 219.34

36 11.95 8.83 1.79 7.42 2.19 8.64 12.09 83.71 225.69

37 9.85 10.96 1.63 4.78 2.05 7.39 10.08 97.36 199.78

381 12.94 10.15 1.31 4.47 0.90 4.91 13.05 102.15 209.81

382 13.43 12.48 2.18 9.60 2.09 6.34 12.67 104.98 197.49

383 18.78 19.26 2.62 7.96 2.26 7.95 12.28 109.72 185.04

384 12.97 8.69 0.88 -1.23 1.02 6.32 12.90 108.34 287.17

385 14.43 15.60 -0.62 -5.60 -1.23 6.41 12.05 85.69 347.64

Source: Business Report (1990-2000), Bank ofKorea

*Numbers in the first column denote respective industry codes in the manufacturing
sector. A. Growth rate of Total Asset: ((Total assets at t) / (Total assets at t-1)) x100-100
B. Growth rate of Sale: ((Sale at t - Sale at t-1) / Sale at t-l) x100
C. Operating income to sale: (Operating income / Sale) x100. (Growth rate)
D. Ordinary income to sale: (Ordinary income / Sale) x100. (Growth rate)
E. Ordinary income to total asset: (Ordinary income / Total asset) x100. (Growth rate)
F. Stockholders' equity to total assets: (Stockholders' equity / Total assets) x100
G. Current ratio: (Current asset / Current liabilities) x100
H. Fixed ratio: (Fixed asset / Stockholders' equity) x100
1. Gross value added to total asset: (Gross value added / Total asset) x100
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Table 7. The World Best Products from Korea

Area Product Company Market Share Reason

Samsung
18.8%(1 st)

Timely investment,

Electronics Technology, M&A
DRAM

Hyundai
11.4% (3 fd

)

Timely investment,

Electronics Electronics Concentration

Devices
Samsung Technology, Timely

19% (1 s~
Electronics Investment,

TFT-LCD

16% (2nd
)

Concentration,
LG-LCD

Mirae Frontier Japan Technology,
Test Handler

Cutting-edge Corporation Market Concentration

Equipment Ultrasound Technology,
Medison 20% (Ob-Gyn)

Diagnostics Concentration

Samsung
20% (US market)

Technology, Market
CDMA Receiver

Electronics Forecast

Satellite Receiver
Dae-Ryung Ind.

US (1 st
) Technology

Inc.
Electronics,

Information
Dongil

NewMarket Price BreakInternet Fax
CIM

Device

Speech Recognition
Bumil Telecom NewMarket Technology

System

"Sa-O-Jung"
YTCTelecom NewMarket Idea, Design

Telephone

Drill Ship
Samsung Heavy

60% (1 st
) Technology, New MarketOcean Rescue

Ind.
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Table 7. The World's Best Products from Korea (Continued)

Area Product Company Market Share Reason

Complex Material Korea Fiber
Develop new Technology,

Market Concentration
Material

Faux Diamond Ilj in Diamond 17% (3fd
)

Technology, Niche

market

Eyebrow
Eunsung

No Rival Idea
Development

Model Locomotive SamHungsa 70% (1 st
)

Design,

Technology

Tent Jinwoong 35% (US 65%)
Marketing, Quality

Light Product

Industry Design, Price,
Nail Clipper Daesung Metal 40% (lst)

Technology

Fishing Pole 20% (ED 50%)
Technology,

Eunsungsa
Price

Motorcycle
Fuji Crown 1st for 7 years Niche Market

Helmet

Source: Kim, D. (2000)

*Based on performance of 1998. The world's best is defined as the product that either has
more than 10% of the world's market share or is ranked within the top three
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2.4 Characteristics of Korean Manufacturing Sector

This section describes the current situation in the Korean manufacturing sector.

Because of the complexity of each industry, we did not use the same categorization as the

one we used for collecting data. To keep the volume under control, we limit our interest

only to the market structure and the specific characteristics of each industry.?

Food: The industry includes the manufacturing of elements of food and food

products. It is focused on production of non-durable goods that are domestically

consumed. In spite of the perpetual development of new products, the weight of the

industry in the manufacturing sector is decreasing due to the growth in other industries.

Most of the goods manufactured in the industry are labor-intensive products, but high

technology and large investment is needed for the production of the basics of food and

condiments. In the structure of cost, expenditure on material for the product is more than

70% of the total cost and most of the materials are imported, thus affected by fluctuation

of the market price and foreign exchange rate.8 Advertising is closely linked with revenue

and the cost of advertising is high. The industry spent from 3.85% to 13.53% of revenue

for advertisement in 1997. The industry, like other industries, suffers from high financial

cost (8.0% of revenue in 1998). Technology level in the industry is low in packaging and

manufacturing milk products. Most of marketing is copying the other firm's idea, which

reduces the length of product life cycle and profit. 87.4% of the firms have less than 50

employees, but large firms, which comprise 1.4% of the industry, produced 79.3% of total

output in 1997.
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Non-alcoholic Beverage: The industry includes the production of carbonated

beverage, juice, tea, and drinking water. Products that are supplied by the industry are

mostly consumed domestically. Its weight in the manufacturing sector was 0.55% in 1997

and is decreasing. Demand for non-alcoholic beverage fluctuates with the season and

weather. In carbonated drinks, 24.3% of the manufacturing cost is a special consumption

tax. The industry spent 9.8% of revenue on advertising. Since the materials for the

products are imported, the cost of material is 74.2% of total cost and fluctuates with the

world price and foreign exchange rate. Traditional drink products, such as traditional tea

and traditional fruit juice, have been introduced and enjoy good response from the market.

81% of companies have less than 50 employees and only 1.6% of companies have more

than 300 employees. In the carbonated beverage market, Haitai Confectionary & Food

Co., Lotte-Chilsung Confectionary Co., Ltd. and Korea-Cocacola Bottling Company are

leading.

Textile: The industry imports all materials for the production of cotton products

so the cost of production depends on fluctuation of the world price and exchange rate.

The industry is transforming from producing labor-intensive, low price product to

technology-intensive, high price product. The quality of the products depends on the

quality of material used. The industry attempts to produce high quality material, but

foreign multinational companies, such as Dupont, have dominated patents for the

productions of basic materials. The lack of technology in dyeing material makes it

difficult for the industry to make high value material. Its output is 0.4% of that of

manufacturing sector and the rate is declining. Producers in the industry are mostly large
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companies with Dainong Corporation; Choongnam Spinning Co., Ltd.; and Taekwang

leading the industry. Production in the industry is decreasing with the competition from

LCDs and the Korean textile industry copes with the competition by diverse product

rather than mass product, which does not lead to price comparative advantage.

Clothing: The industry is labor intensive and produces high value added products.

It has low entry barrier and product lifecycle is short. 2.3% of the total manufacturing

sector was contributed by this industry in 1997. Mid- to low-price products are produced

in Asia (China, Korea, and Southeast Asia countries) and high price products are

produced in advanced countries (Japan, U.S., Italy, France). 80% of domestic companies

do not own manufacturing facilities and use outsource for production. However, products

that can take advantage of economies of scale and that need specific production know

how are produced in a vertically integrated system. There were 1,280 brands in the

clothing industry in 1999 and 40% of them were clothing for woman. The number of

domestic brands was 879. Among domestic brands, 51.8% of them are mid- to high-price

(above 100,000won). The technology level in the industry is about 50-80% of Italy and

Japan and is still at the stage of copying the products from advanced countries.

Leather: The scope of the industry is to produce leather from animal skin and to

produce leather goods, such as clothes, shoes, bag, leather for automobiles and furniture,

etc. The industry emits pollution and pollution prevention cost is increasing with the

tight environmental code. It is a typical labor-intensive industry and its weight in the

manufacturing sector was 0.7% of total output in 1997. The industry has price

competitiveness in mid-price products, but has lost its edge in low-price products to other
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LDCs. Only three finns have more than 200 employees and 90% of finns have less than

50 employees.

Shoes: The industry is a typical labor-intensive industry and its competitiveness

and profitability depend on employees' skill level and wage. Global finns, such as Nike,

Reebok, and Asics, have taken over design and marketing, while LDCs produce the goods.

The weight of the industry in the manufacturing sector is 0.5% in output. With the change

in consumer preference and boom in the leisure industry, demand for functional shoes is

increasing. Increase in labor cost forced Kolon, Samyang and Taekwang to move their

production line to China and Vietnam.

Furniture: The industry is labor intensive and many processes require manual

work. Most of the product will be consumed domestically due to large transportation cost

and some cultural difference. Diverse preferences from the consumers make the industry

fabricate various products. The weight of the industry in the manufacturing sector was 1%

in 1997. Labor cost is important and outsourcing is prevalent in production. 95% of the

wood for the furniture is imported from Indonesia and Malaysia. Only three companies

out of2,749 had more than 500 employees in 1997. In the home furniture market, the top

four companies (BIF, Baroque Furniture, Lady Furniture, and Livart) controlled 54.5% of

the market in 1998. The industry does not have price advantage over Indonesia, Malaysia,

China, and other Southeast Asian countries. Experience and technologies in producing

high quality products is meager.

Paper Manufacturing: The industry produces pulp from wooden chips and paper

from the pulp. Most of the products will be consumed in the domestic market. With the
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automation process from input materials to manufacturing papers, a large investment for

facilities is needed. It is a capital-intensive, energy-intensive and pollution-emitting

industry. The industry produces 1.2% of manufacturing sector and its weight is declining.

In the domestic market, PAPCO, Bowater-Hanra Paper, Sepoong Corp., and Daehan

Paper provide newsprint with PAPCO providing 30% of the Asia-Pacific region

newsprint market. In printing paper, Hansol Paper and Shinho Paper lead the market.

Petrochemical: The industry provides materials for e1ectrics, electronics,

automobile, and other chemical products. It takes advantage of economies of scale and

produces high value-added products. Competitiveness of the industry stems from

acquiring crude oil with stability and low cost. The industry is at the mature stage of the

lifecycle and most companies are vertically integrated with group companies9
• Market

structure has changed from oligopoly to oligopolistic competition 10. In spite of size

growth in domestic firms, due to excess supply on the world market and large financing

cost, they are suffering from low profitability. Domestic firms lack fundamental

technologies, but they are competitive in producing new products.

Paint: Demand for paint depends on demand for the construction, metal and

wooden products, shipbuilding, automobile and other related industries. Weight of the

material cost is high, making profit dependent on the fluctuation of price of the material.

Employees number less than 50 in 81% of the total number of companies. The revenue of

Korea Chemical, which is the largest Korean company in the industry, is 1/10 of Sherwin

Williams. Large companies, such as Korea Chemical Co., Ltd.; DPI; Samhwa Paint

Industrial Co., Ltd.; Chokwang Paint Ltd.; and Hyundai Paint Ind. Co., Ltd., produce
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products across the border, while small companies focus on the very competitive low

technology product.

Plastic: It is a typical small firm operation. It is closely related with the

petrochemical industry and provides products to all industries. The industry is at the

mature stage and its contribution to GDP is decreasing. 4,961 companies (1997) are

involved in producing plastic products and only 12 companies employ more than 300

employees. It is a very competitive market and no company dominates the domestic

market. Demand for plastic products is stagnant because the plastic industry is at the

mature stage and plastic is known to cause environment problems.

Pharmaceutical Product: The industry produces pharmaceutical products and is a

high value-added industry. It is a rapidly growing industry, but still is below 2% of GDP.

It has high spillover effects because of the bioengineering area but, due to the

government's industrialization policy, development sti111ags behind. The industry relies

on discount and dumping rather than normal business marketing. Thus it has high

marketing and selling costs. The financial cost is high in the industry because of large

borrowing for R&D. The industry is comprised of 534 companies and 23 are large

companies (more than 500 employees). Research-oriented companies are Green Cross

Corporation, Choongwae Pharma Corporation, Yuhan Corporation, Chong Gun Dang

Pharmaceutical Corporation, and Dong-hwa Pharmaceutical Ind. Co., Ltd. Market

oriented companies are Hanin Pharmaceutical Corporation, and Sanga Pharmaceutical

Corporation. Product-oriented companies are Kwang Dong Pharmaceutical Co., Ltd.;

Whanin Pharmaceutical Co., Ltd.; and IIsung Pharmaceuticals. In the industry, multi-
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national companies' market share is growing and the R&D efforts in domestic companies

are at a low level. Competition is more oriented to price competition rather than quality

competition. Management cost and marketing cost are high, but the ability to develop

new products and technology competitiveness are low. High price competition leads to

distortion of the distribution channel.

Petroleum: The industry includes coke, refining and sales of petroleum products.

It requires substantial initial investment, provides fuel for all industries and supplies fuel

at the time of national emergency. The industry is guided by the government instruction

due to its significance to the defense industry. Since the price of crude oil takes up most

of the cost, controlling production cost or its management has limitation. The price of

crude oil and financing cost are 84% and refining cost is 14%, so a company could

control only 2% of the costs. Tax on gasoline is four times higher than the original

gasoline price and this is the reason for high gasoline price at the gas station 11 .

Companies with more than 500 produce 97.2% ofproducts.

Glass: This is one of the typical domestic market oriented industries. Low unit

price, high transportation cost, and fragility make it difficult to export or import glass

products. The industry is an energy-intensive (15% of total cost is energy cost) industry

and entry barrier is high because of low elasticity of production to demand. In basic glass

and industrial glass area, there are 620 companies in the industry and only 11 companies

have more than 300 employees. In manufacturing glass, large companies provide 99% of

market. However, in processing glass products, small and medium companies provide

88.6% ofthe products to the market.
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Cement: The industry provides base material for the construction industry. It is a

capital-intensive industry, has high entry barrier (large investments for facilities are

required), is energy-intensive, and has worldwide surplus in production. Seasonal

fluctuation, high season being May and October with low season of January and February,

is distinct and correlated with the fluctuation of the construction industry. This is a

pollution-emitting industry. Electric cost, transportation cost and depreciation is 32.6% of

total cost. RH Cement and another six companies (Ssang Young Cement Industrial Co.,

Ltd.; Tong Yang Cement Corporation; Ryundai Cement Co., Ltd.; Sungshin Cement Co.,

Ltd.; Ranil Cement Manufacturing Co., Ltd.; and Asia Cement Co., Ltd.) tum out more

than 90% of domestic production. Price competition in the domestic market did not start

until the enactment of the liberalization of cement price in 1997.

Non-metallic Minerals: The industry requires large initial investment and is both

resource- and energy-intensive. Also, pollution emission and import dependency is high.

Compared to iron, non-metallic minerals are more expensive and weak, but they conduct

electricity and heat better than iron and are easier to fabricate. In cost structure, material

accounts for a high proportion and almost all the materials are imported, thus cost

fluctuates with the international price and exchange rates. Due to scarce resources of

materials, the industry does not have price competitiveness in the world market. In non

price competitiveness, operating in small scale makes it difficult to compete with large

scale foreign firms.

Metallic Products: In the Korea Standard Industry Classification (KSIC) the

industry is #28 and along with general machinery (#29), electronics machinery (#31), and
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precision machinery (#32), the industry is categorized as machinery industries. The

industry is a typical manufacturing industry and is at the stage ofmaturity. Due to the low

requirement for high technologies and equipment, the industry has low entry barrier and

is very competitive. More than 90% ofthe firms have less than 50 employees and only 20

firms have more than 300 employees. Some products of the industry provide various parts

for the general machinery and automobile industry. Labor cost is important and quality

depends on the skilled labor. Profitability is greatly affected by material cost, thus it is

sensitive to the exchange rate and interest rate. The industry produces construction panel,

flatware, boiler, bolt, nuts, etc. Less than 2% of sales has been spent on R&D, far less

than the manufacturing industry average, 2.56% (1998).

Steel: Economies of scale mark the industry, which is capital-intensive and

pollution emitting. Forward and backward linkage makes its sales sensitive to economic

fluctuation. The cost structure of the industry is such that it has high material cost but low

labor cost, compared to the manufacturing sector. Material costs, since they are imported,

fluctuate with the international price and exchange rates. Compared to other countries,

material cost and labor cost is competitive, but financial cost is high. Technology and

quality level of the industry is comparable to advanced countries. In spite of high

technology and quality level, R&D level was 0.65% of total revenue, which is low

compared with Japan's 2.35%. The industry has high entry barrier, not because of

regulation, but because of the characteristics of steel. With government-led economic

development policy, the industry's market structure became a monopolistic system.

POSCO, number one in production in the world, leads domestic market.
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Steel Pipe: Demand for steel pipes is closely related to the construction industry

and material cost is more than 80% of total costs. It is a low value-added industry and

78% of the companies employ less than 50 employees. Four companies, SeAR Steel

Corporation, Hyundai HYSCO, Shinho Steel Corporation, and Dongboo Steel, have 60%

of market share and another 180 companies share rest of the market. Korea has price

advantage over Japan and exports to the U.S., but high value-added steel pipe products

are being imported from Japan.

General Machinery: The industry provides machinery for manufacturing

facilities, thus having forward and backward linkage and providing an important factor

for the competitiveness of the manufacturing industry. Recently, jointly with the

electronics industry, it became a high value-added industry and it requires long-term

development strategy. Automation is difficult for the products and relatively skilled labor

is required. Many parts are needed for the production of machinery; thus it is possible for

a firm to specialize in the production of particular process. This specialization could be

expanded to between countries. In 1997 the industry contributed 7.1% of the total

manufacturing industry output. The industry is comprised of a very small number of large

companies (only 0.5% have 500 or more employee) and many small companies (73.3%

have between 5 and 19 employees). Due to the lack of competitive high technology,

major parts of the machinery are imported. The Korean government continuously

encourages firms to increase involvement in R&D and has a plan to increase the self

sufficiency ratio to 80% by 2003. Factors affecting price competitiveness are labor cost,
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material cost, financial cost and fluctuation of exchange rates. Major competition comes

from Japan and Germany.

Maneuvering Machinery: The industry produces machines and thus reqUIres

highly specialized technology and precision and is a technology-intensive industry.

Demand depends on the related industries' demand, such as electronics, electrics,

automobile, and general and precision machinery. Therefore, it is heavily affected by

economic fluctuation. Due to the characteristics ofdemand, which require a small number

and variety of products, small companies tum out most of the products. The weight of

material cost is relatively low, but core parts are imported from Japan. In the lifecycle of

the products, most are in the mature stage. In the world market Japan's Yamazaki Mazak,

Amada, and Fanuc are the top three producers. In Korea, Daewoo Heavy Industries and

Machinery, Ltd., had 43% of market share in 1997 and other major producers are

Hyundai Precision Industry Co., Fanuc Korea Corporation, Doosan Machinery, Hyundai

Motors, and Kia Heavy Industry.

Heavy Electrics: The industry produces electric machines, transformers and other

related machines. The industry is technology-intensive and it takes a long time to

accumulate technologies and receive return on investment. Products with high capacity

need very large investments and require high technology facilities, thus production of

these products are specialized in the advanced countries. However, medium capacity

products which require more labor input are produced in Korea and Mexico. The industry

provides power for the operation of most of the other industries, including but not limited

to the Iron, Chemical, Automobile, Communication and Shipbuilding industries. The

- 39-



industry produces a wide variety of the products and has limited automation in the

production process. Even though more than 2000 companies are in the industry, only 20

companies have more than 300 employees. Getting the contract from demander is the

most important aspect for survival of a company since most of the products are made to

order.

Electrics Equipment Parts: Because of little demand for each of these parts, most

of them are produced by small companies. Depending on the parts, the industry is capital-,

technology- and labor-intensive. Semiconductor, CRT and LCD production requires large

capital and high technology. These products require constant R&D and investment for

new facilities. It is important to introduce new product earlier than the competition does.

Because the speed of technology innovation is fast and each product has short lifecycle,

price tends to drop quickly. Thus a company has high risk in the development of new

product. Other than the products listed above, most parts are in labor-intensive industry.

New parts are often developed in line with a new product. After a new part is introduced,

the firm that uses the part should certify it. It is difficult to cope with the change in

demand and base material for the parts has high import dependency. The parts industry

has a close relationship with the home electronics and industrial electronics industries.

Spring and summer is high season of demand for home electrics equipment while

summer IS low season for computer parts. "Silicon cycle" can be seen from

semiconductor production. Non-memory semiconductor requires higher technology and

suppliers are limited, thus demand is less fluctuating. Korea supplies 9.5% of the world's

electronics parts and 40% of world's DRAM. Competitiveness in semiconductor and
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LCD products depends on investment in R&D and facilities, along with the correct

forecast ofthe market.

Electrics Equipment: The industry includes electrics and electronics equipment

for home use. At the stage of developing new technology and product, research-intensive

structure is required. At the stage of manufacturing parts for the products, technology

intensive structure is needed. And at the stage of final assembly, labor-intensive structure

is necessary. In order to obtain price competitiveness, most companies moved production

lines to countries with low labor cost. The industry requires large initial investment for

facilities, which makes entry difficult. It has high spillover effects to the other industries.

The industry produces durable goods with high income elasticity. Weight of the industry

in the manufacturing sector was 3.3% of output in 1997, but it is decreasing due to

relative growth in the computer and communication equipment industries. Three large

companies (Samsung, LG, and Daewoo) produce 90% of the industry's output.

Standardization of technology is crucial in electronics products such as DVD, IMT-2000.

Environmental regulation is becoming more strict in the world and improvement of a

product is emphasized more than introducing a new product. In connection with the

computer and electronics industry, multifunction products are being introduced. Most of

the products in the industry show that they enjoy price competitiveness over Japan.

However, there are large gaps between Japan and Korea in non-price competitiveness,

such as quality, design, after service, and brand image. In the technology level, the gap

has been reduced for most products, but there is still a big gap in core technologies.
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Computer Software: The scope of the industry is to produce software for the

operation of computer hardware. The industry is based on technology and the creativity of

manpower rather than on facilities investment. It is a highly knowledge-intensive, high

value-added industry, with large spillover effect. The industry has grown approximately

10% each year in the world market for the last 10 years. Factors that affect the

competitiveness of a firm are human resources, social and technological infrastructure,

and funds for development of new technologies. In the industry, R&D is high compared

to the other industries in the manufacturing sector (2.2 times higher than the

manufacturing sector's average in 1998). Korean firms in the industry numbered 2,147 in

1998 with the average number of employees being 18 workers per firm. Material cost is

lower, but labor cost is higher than manufacturing sector's average (19%:68% and

26%: 11%, respectively). The industry produced 1.25% of GDP in 1998 and the

proportion is growing. The technology level in Korea is still at the beginning stage,

except in computer graphics, video compression and recovery, audio compression and

recovery, hypertext, and voice recognition technology. Since computer hardware and

software are closely linked, compatibility is an important factor and the so-called,

"WinTel" (Microsoft Windows - Intel) dominates world market. Most packaged software

(such as MS Office and IBM Suite) is imported. However, because of language and

cultural differences, domestic companies, which are mostly affiliated with large

conglomerates, produce most of domestic system management programs. Samsung SDS

leads in manufacturing System Integration software for the domestic market. Hangul &
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Computer, Handy Soft, and Namo Interactive are among the few that export software to

other counties.

Computer Hardware: This is a technology-intensive industry with a short product

lifecycle. Advancement of the technology in utilizing semiconductor leads the technology

development across the board, especially in OA (office automation), FA (factory

automation) and HA (home automation). Jointly with the communication industry, this

category has the leading role in the booming Internet and digital commerce. Firms in the

industry face global competition and, with declining parts prices and the increase in the

power of computers, marketing for low price computers and reducing cost12 are important

for survival. There were 460 computer hardware-manufacturing companies in 1997 in

the domestic market and only 3.3% of companies have more than 300 employees;

however, these (Samsung, Sambo, LG-IBM, Daewoo, etc.) have 69% of the workers and

produce 83% of the units. Due to the lack of high-end technologies in Korean firms,

supplies of server products are dominated by the multi-national companies (MNCs), such

as IBM, HP, and Compaq. However, due to the limitation of service channel, MNCs

have less than 10% of market share. Taiwan has lower manufacturing cost and higher

technologies than Korea in the manufacturing of computer parts. Korea has advantage in

manufacturing ofDRAM and TFT-LCD monitor.

Communication Equipment: The industry includes the companies that produce

wired and wireless telephones, switches, telecommunication equipment, LAN (Local

Area Network) equipment, and wireless communication equipment. Jointly with the

computer industry, the industry has been creating new technologies and has high spillover
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effects to the other industries. "Digitalization" of the electronics equipment has made it

possible to be connected with computer. Integration of the technology led to vertical and

horizontal integration between the related industries. Advancement of technology and less

initial cost for entry has made the industry competitive. Importance of the industry has

grown as the globalization process advances and society becomes more information

oriented. The structure of the industry is that there are ten large companies who produce

high end products (Samsung, Daewoo, Hyundai, LG, etc.) and 900 small companies that

produce parts and peripherals. Production of PCS phone and duplex-CATV multimedia

products leads the industry. The industry competes for the standardization of future

technology IMT-2000 (International Mobil Telecommunication 2000).

Automobile: The automobile industry is the 'industry of industry' and has high

backward13 and forward14 linkage with related industries. The industry produced 10.2%

of national product in 1997 and has large economies of scale. The domestic market

structure has changed from a five-supplier system (Hyundai Motor Company, Daiwoo

Motor, Kia Motor Company, Ssang Young Motor Company, Samsung Motor) to a three

supplier (Hyundai Motor Company, Kia Motor Company and Daewoo Motor)15 system.

In 1999 Hyundai and Kia produced 64.5% and Daewoo produced 24.5% of total domestic

automobile production, with 66.5% and 31% of exports, respectively. Domestic

productivity is very low compared with US. and Japan. When compared with those of

US. labor productivity is 43%, capital productivity is 37%, and total factor productivity

is 41 % ofUS. in each category. The reason for the low productivity is that the industry in

Korea has not reached the facilities that can take advantage of the full economies of
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scale. 16 Compared to other companies in the world, Hyundai, which leads the Korean

automobile industry, has an R&D level that is only 3.5% of GM and thus has little ability

to invent new product. Due to the increase in labor cost, the edge that Hyundai has

enjoyed from price competitiveness is being lost. However, the most serious problem

comes from the quality side. A 1997 issue of Automotive News reported that Initial

Quality Study (IQS) 17 index of Hyundai has the lowest mark among the US selling

automobile.

Shipbuilding: The industry requires large facilities and has high backward and

forward linkage. Since it is integrated in the world market, the most capable company

could acquire high market share in the world in a short time. The industry has little

import restrictions in the world market. Automation in production is difficult due to parts

that are produced individually and the requirement of skilled labor in every process.

Material costs are more than 60% of the total cost and labor cost is around 30% in Korea.

Price competitiveness heavily depends on the exchange rates. Japan and Korea had more

than 80% of world market share in 1997. The weak Korean Won made the market share

of Korean firms increase and they had about 5% price advantage over Japan in 1998.

Price advantage is more important than quality and functionality. The industry is at the

mature stage, but some new products, such as wings in ground effect (WIG) vessel, super

container vessel and remote controlled search vessel, are being introduced. Three

companies, Hyundai Heavy Industries Co., Ltd.; Daewoo Heavy Industries Co., Ltd.; and

Samsung Heavy Industries Co., Ltd., produce 78% oftotal products from Korea.

- 45 -



Airplane: The industry is a technology-, research- and knowledge-intensive

industry with large economies of scale and learning effects. Due to the large external

economies, the industry leads high technology industries (such as electronics,

measurement, communication and material industries) in innovation. One of the unique

characteristics of the industry is that suppliers and demanders are mutually duopolistic,

which means that suppliers and demanders have a limited number of counterparts.

Samsung Techwin Co., Ltd., Daewoo Heavy Industries Co., Ltd., Korean Air, and

Hyundai Aerospace are responsible for 90% of the domestic production.

Automobile Parts: The automobile and parts industry have complementary

relations and production, sales, and price setting are often cooperative. The industry has

the economies of scale effect. I8 55% of parts companies provide products only to one

automobile company. Even though there is constant improvement in competitiveness, the

Korean technology level is about 60% that of Japan. Most of the parts, including gearbox,

air bag, and seat belt, show less competitiveness, but the exhaust system and clutch have

competitiveness.
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CHAPTER 3

LITERATURE REVIEW

In spite of the considerable amount of research on the causality between

productivity and export, the link between them remains a subset of heated debate. Even

high-performing Little Dragons' empirical results have failed to provide a clear-cut

winner in the dispute. Some studies support the idea that export propels economic growth,

while others did not find a causal relationship between export and economic growth.

Some empirical research even suggests that there is a bi-directional relationship between

export and economic growth.

Testing methodologies also varied in the research. While most of the earlier

research used ordinary least square (OLS) estimation method and F-test to test causal

direction from export to productivity, more recent research used the lag augmented VAR

(LA-VAR) model or the seemingly unrelated regression (SUR) model. While, earlier

research used the two variable causality test, more recent research included more

variables, such as import, exchange rate, and even energy consumption in order to avoid

the possibility of having a misspecification problem to which earlier research had been

exposed. While most of the research used time series data, some studies used cross

sectional data.

By using the OLS estimation method, Tyler (1981), Feder (1983), Kavoussi

(1984), Ram (1985), Salvatore and Hatcher (1991), Ukpolo (1994), and Greenway and
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Sapsford (1994) tested export-led growth hypothesis. Salvatore and Hatcher (1991)

categorized 26 countries into four different groups by different trade policies: strongly

outward oriented, moderately outward oriented, moderately inward oriented, and strongly

inward oriented. They studied different periods (1963-1973, 1974-1985) and found that

export caused economic growth regardless of the characteristics of the economic

orientation. The strong claim in this research is different from other research because the

results of most other studies are very susceptible to the way the research was structured

and turned out to be country specific.

By applying the Granger causality test, Marin (1992), Ghartey (1993), Xu (1996),

and Bodman (1996) support the export-led growth hypothesis. Marin (1992) used 4

variable time series data (export, productivity, terms of trade and OEeD output) from

1960 to 1987 for 4 countries (U. K., U.S., Japan; and Germany). The method of causality

test he used, x causes y, was to estimate the following equation.

where L is lag operator. This causality test examines whether the ~Zj=l \{Ij V are jointly

significantly different from zero based on an F-test on the OLS regression. He found that

export caused productivity in all four countries and real exchange rate mattered for the

productivity performance in the United States and United Kingdom. He further concluded

that "outward looking" countries seem to have positive causal direction from export to

productivity. Ghartey (1993) used a three-variable model on US, Taiwan, and Japan and
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found that the causality is country specific. By using Hsiao's version of the Granger

causality test, also known as stepwise Granger causality test, he wrote a model such as:

1

(1_L)2[10gYt]=[~1l(L) ~12(L) ~13(L) ~14(L)] (1-L)210gYt +[WW
21
]

logxt ~21(L) ~22(L) ~23(L) ~24(L) (1-L)210gxt
(1-L)210gzt

where ~ij(L) =L~ijLk and L~t = Yt-k and ws(s=1,2) are error terms with white noise

characteristics. The three variables, x, y, and z, represent GNP, export, and terms of trade,

respectively. He found that there is a causal relation from export to economic growth in

US and Taiwan, but he did not find that relationship in Japan. He argues that intra-

industry trade is a source of the export growth in the US and the traditional export-led

growth hypothesis is appropriate in Taiwan. While Japan did not fit in any category,

devaluation policies or imposition of tariff helped to extend export growth in Japan since

the changes in her terms of trade caused export growth much more than in other countries.

Research using cross-sectional data (Balassa, 1978; Tyler, 1981; Feder, 1983;

Kavoussi, 1984; Ram, 1985; Greenway and Sapsford, 1994; Burney, 1996; and Ukpolo,

1994) tends to support the export-led growth hypothesis more than the research that uses

time series data. Ram (1995) used 73 countries' cross-sectional data to find support for

the hypothesis. Burney (1996) applied OLS method and random coefficient estimation

method on a five-variable structure. The five variables are real GDP, capital, labor,

energy, and a country-specific parameter. He found that export strongly causes economic

growth only in a certain period and the effect is highly correlated with income of the

country. Thus, an advanced economy tends to show more causal effect than does a poor
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economy. He concluded that the impact of export growth on economic growth is sensitive

to the other economic factors.

Regardless of the method, the above research somewhat supports the export-led

growth hypothesis. However, there are numerous studies that do not support that

hypothesis. The opposite argument can be found from Jung and Marshall (1985), Kunst

and Marin (1989), Dodaro (1991), Jin and Yu (1996), Yamada (1998) and Shan and Sun

(1998). Kunst and Marin (1989) used Australian time series data to test Granger causality

and rejected the export-led growth hypothesis, but supported the intra-industry trade

theory with a causal link from productivity to export. They found that there is no evidence

that export promotion policy and devaluation of exchange rate and/or import tariff would

increase productivity in Australia. In their research, export did not cause growth, but

economic growth may Granger-cause export. They have noted that economic growth may

create a strong desire for exports through its effects on the supply side, thus, providing the

country with a strong export production base that is internationally competitive. In

particular, the innovation and technological advancement generated from growth in

developed countries will improve export performance in the trade sector. Jin and Yu

(1996) applied a six-variable VAR model on US data and found no causal relationship

from export to industrial output. They suspected that the noncausality might come from

the insignificance of export on total output and claimed economic growth may have been

propelled by domestic capital formation. Yamada (1998) set up a four-variable VAR

model for the analysis. He included export, labor productivity, terms of trade, and GDP of

OEeD countries for the analysis. He applied Lag augmented VAR model and used
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Granger type noncausality test with the maximum order of integration of each variable,

which was two. He concluded that the null hypothesis of noncausality could not be

rejected.

Since the focus of this research is on the causality in the Korean manufacturing

sector, close observation of the previous research might provide an insight for the

conclusion of this research. Numerous researchers included Korea to test export-led

growth hypothesis. Korea is one of the most interesting countries to test export-led

growth hypothesis due to her successful economic growth. They are Shan and Sun (1998),

Ghatak (1998), Xu (1996), Riezman et al. (1996), Jin (1995), Holman and Graves (1995),

Amirkhalkhali and Dar (1995), Sharman and Dhaka (1994), Sengupta and Espana (1994),

Greenway and Sapsford (1994), Dutt and Ghosh (1994), Dodaro (1993), Bhamani

Oskooee and Alse (1993), Hutchison and Singh (1992), Salvatore and Hatcher (1991),

Sung-Shen et al. (1990), Ram (1987), Hsiao (1987), Darrat (1987), and Jung and

Marshall (1985). Tests of the export-led growth hypothesis in Korean economy also

suggest mixed results.

Many researchers support the export-led growth hypothesis in the test of Korean

economy. Amirhhalkhali and Dar (1995), Salvatore and Hatcher (1991), Ram (1987)

found positive associations between export and economic growth. Sengupta and Espana

(1994) supported the export-led growth hypothesis by applying the simple OLS method

and compared the role of the export sector on economic growth. They used annual data

from 1961 to 1986 with a simple two-variable model. In testing relationships between

export and economic growth they compared one equation with export variable and the
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other equation without export variable and found that the export sector's role in economic

growth is very important. The test results are:

.
y - 314.6 + 0.206/ + 0.029L R 2 = 0.568 DW=2.033

(-0.529) (4.553) (2.245). .
y = - 208.9 + 0.151/ + 0.0024L + OA01X R 2

= 0.641 DW = 1.965

(-0.372) (2.875) (1.921) (1.805)

where I is investment, which they assume to be equal to the amount of capital. Thus, they

found that there is significant dynamic spillover effect of export in the Korean economy

and claim that export stimulates economic growth. Also, the increasing return to scale

effect was strong and growth of human capital and diffusion of skills across the board

were significant in the Korean economy. Darrat (1986) used OLS methods and could

reject null hypothesis that export growth does not cause economic growth at the 5% level.

However, he found that Hong Kong, Singapore, and Taiwan could not reject the null

hypothesis. Regression results from his research on Korea shows:

D~ = 0.058 +
(4.26)

Rz =0.15, F =2.07,

0.032DXt + 0.029DXt-l

(2.59) (1.99)

SE = 0.0394, DW = 2.07,

+ 0.021DXt_Z

(1.71)

BG =4.14

where number in parentheses beneath the coefficient estimates are the absolute value of

the t statistics, Rz is the coefficient of multiple determination adjusted for degree of

freedom, F is the F-statistic to test the null hypothesis that all the right-hand side variables

as a group, except for the constant term, have zero coefficient, SE is the standard error of

the regression, DW is the Durbin-Watson statistic to test for first order serial correlation,
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and BG is the Breusch-Godfry test statistics. He concluded that export caused economic

growth in Korea while other tested countries (Hong Kong, Singapore, Taiwan) did not

have the causal relations. 19 By using a data set from 1963 to 1989 and two-variable error

correction model (ECM)-type model, Xu (1996), also, found his model supports the

export-led growth hypothesis. In the bi-variate Granger causality test, he found that

export causes real GDP during the data set period.

Some research of the Korean economy found bi-directional causality between

export and economic growth. Bhamani-Oskooee et al. (1993) and Hsiao (1987), Sung-

Shen et al. (1990) found bi-directional causality. Hallman and Graves (1995) used Sims

exogeneity test and Granger causality test in quarterly Korean data from 1953 to 1990 and

found that there is bi-directional causality. In their bi-variate model, in order to conduct

Sim's test they used the following functional form:

I

Yt =a + Ibixt-i + et
i=-k

I

xt =C + IdiYt-i + wt
i=-k

where y and x denote GNP and export, respectively, i is the lagged period, I is the length

of lag variables, -k is the length of lead variables, a and c are constants, bi and di are

coefficients, and ei and Wi are series of disturbances that follow all classical, normal

assumptions. They conclude that export causes economic growth and economic growth

propels export. One of distinctive studies of export-led growth is by Shan and Sun (1998).

They used the seemingly unrelated regression (SUR) model and incorporated new growth
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theory by including variables such as energy consumption and gross fixed capital

expenditure. They criticize the lag selection process and applied different lag structures

for the tests. They set up 6 variable SUR framework such that:

MANUT MANUT _n GMANU

EXPT
EXP

T
_

n GEJ(p

LABT =Ao +A1

LABT _
n +

GLAB
.............. ,

IMPT IMPT _
n GIMP

INVT INVT _n GINV

ENT
EN

T
_

n GEN

where MANU is industrial output growth, EXP is export growth, LAB is growth of total

labor employed, IMP is import growth, INV is growth capital expenditure, EN is energy

consumption. They tested causality by testing null hypothesis

H I 2 n 0o =a 12 =a l2 =....... =a l2 =

where a:2 are the coefficient of exports for l, ... ,nth lag in the equation of industrial output

growth. Jin (1995) used quarterly data from 1973 to 1993 and a 5-variable framework to

test Granger causality by utilizing a simple F-test in the VAR model and found bi-

directional causality in the short run.

Some researchers did not find export-led growth in the Korean economy. Jung

and Marshall (1985) used Granger causality test and found little support for the

hypothesis. Hutchison and Singh (1992) found causal direction from growth to export.

Riezman et al. (1996) did not find export-led growth in the Korean economy.

Some international trade theorists, such as Helpman and Krugman (1985),

emphasize the link between trade and technical efficiency. However, even this
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relationship is not conclusive in models with imperfect competition and increasing return

to scale. Marin (1992) emphasizes the type of the competition in the domestic market and

the degree of entry and exit barrier. In his example with an exporting firm with increasing

return to scale and monopolistic competition, no or little entry barrier may result in the

co-existence of too many firms which causes reduction or reversal of the original export

induced productivity increase. Marin (1992) claims that exports are supposed to cause

greater product gains the smaller the country is and the less entry occurs. Salvatore and

Hatcher (1991) claim that growth causes exports in a country if it is endowed with

relatively abundant natural resources and a lower degree of openness. Bi-directional

causality could exist when the mixed result of the openness and the size of economy or

the degree of economic development are found.

In the test of export-led growth, there are some technical arguments regarding

test methods: selection of optimal lag length, results being sensitive to lag structure,

misspecification error, and choosing test methods. As pointed out in Shan and Sun (1998),

most of the time series analysis research overlooked the importance of lag length when

applying the Granger no-causality testing procedure. They criticized the arbitrary choice

of lag length in research such as Jung et al. (1985), Darret (1987), and Chow (1987), and

used different lag structures for stability of the test result. Different lag selection criteria

do not always provide same optimal lag length. In order to achieve robustness in lag

structure, many researches test hypothesis with different lag length. They also argue that

the two-variable structure model, such as Chow (1987) and Xu (1996), could fall into

specification bias. Thus, various variables were included to avoid misspecification bias.
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Turning our attention to the research on the methodologies of the causality test,

we start with VAR model. The VAR model was popularized by Sims (1980) who

criticized methodologies of the Keynesian paradigm that used large structural

simultaneous models in order to analyze the interactions between sets of macroeconomic

variables. He emphasized that the specification of the simultaneous equations system was

largely based on the aggregation of partial equilibrium models, without any concern for

the resulting omitted interrelations. Also, the dynamic structure of the model was often

specified in order to provide restrictions necessary to achieve identification or over

identification of the structural form. VARs have proved to be very useful and flexible

statistical tools compared with the traditional simultaneous equation system. Important

properties of the model are its linearity and its flexibility, in the sense that one does not

have to make many a priori restrictions to set it up, compared to other econometric

models, and it can be seen as a multivariate linear regression model.

Due to the fact that conventional asymptotic theory is, in general, not applicable

to the testing VAR model, VAR's popularity was reduced (Park and Phillips, 1989; Sims,

Stock and Watson, 1990). Sims, Stock and Watson (1990) conclude: "Wald test has a

limiting chi-squared distribution if the time series are cointegrated and if the long run

relationship involves the variable that is excluded under the null hypothesis". If the

variables are known to be integrated, such as 1(1), first order difference is required before

the asymptotic theory can be applied. Existence or nonexistence of unit root provides a

reasonable guess of whether a certain exogenous shock has a permanent effect on the

economy or not. An exogenous shock has a permanent effect on the economy in case of

- 56 -



the existence of unit root. However, it is not easy for the researcher to recognize whether

the data in question are integrated or stationary. So, a pretest for the unit root in economic

time series is required before estimating VAR model. Plotting autocorrelation function

(ACF) and partial autocorrelation function (PACF) do not provide adequate infonnation

since near unit root will behave very similar to unit root. Dickey-Fuller test, augmented

Dickey-Fuller test and Phillips and Perron test are suitable for testing the existence of unit

root.

However, these methods have the problem of low power against the alternative

hypothesis in case of trend stationarity. If the variables are cointegrated, such as C/(1,l),

one needs to specify ECM before applying asymptotic theory. Similarly, existence of

cointegrating relations between two variables is regarded as the existence of long-tenn

equilibrium relationship between these two variables. In order to solve the problem of

trend stationarity, cointegration ranks have been developed (Johansen, 1988; Phillips and

Ouliaris, 1990; Stock and Watson, 1987). Toda and Phillips (1993) claim that only when

there is no cointegration, Wald test statistics have limiting distribution and do not involve

nuisance parameter in spite of the existence of nonstandard component. Wald test

statistics for Granger non-causality based on levels estimation not only have a non

standard asymptotic distribution, but also depend on nuisance parameters in general if the

process is / (1). In this case, Toda and Phillips (1993) claim ECM is a better choice than

VAR. However, Johansen-type ECM model, using likelihood ratio test and Wald test,

requires knowledge on cointegration ranks and finding these and applying them to the

empirical research is not easy.
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Reimer (1992) and Toda (1994) argue that Johansen-type ECM models are very

sensitive to the value of the nuisance parameters in a finite sample. Toda and Yamamoto

(1995) observed this point and claim that testing with the usual methods, in the presence

of unit root, will incur a severe pretest bias in the cointegrating rank and cointegration

vectors. Sometimes researcher's interest is not in the existence of unit roots or

cointegrating relationships themselves, but in the test of an economic hypothesis

expressed as restrictions on the coefficients of the model. In this instance, it is desirable

to have a testing procedure that is robust to the integration and cointegration properties of

the process so as to avoid the possible pretest bias. The LA-VAR method is applicable

whether the VAR may be stationary (around a deterministic trend), integrated of an

arbitrary order, or cointegrated of an arbitrary order. Consequently, by estimating a level

VAR and applying Wald criterion, one can pay little attention to the integration and

cointegration properties of the time series data at hand. They provide a way to estimate

VAR formulated in levels and test general restrictions on the parameter matrix, even if

the process may be integrated or cointegrated of an arbitrary order. This model is

designed to be robust to integration and cointegration properties of time series data, and

therefore can be applied without a priori knowledge of the presence or absence of unit

roots.

Phillips (1995) suggests a fully modified VAR (FM-VAR) for an alternative test

method. FM-VAR modifies structure so that, while leaving the stationary component

unaffected, it removes correlation between non-stationary component and error terms.

This modification will lead to normal limit theory. This method can be applied without
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the prior knowledge of the existence or nonexistence of unit root in the system. By using

simulation method, Yamada and Toda (1995) tested FM-VAR, Johansen-type ECM and

LA-VAR and found that there may be a trade off between the size and power property.

The framework they used to compare those methods starts from a general n-variate vector

time series Yt is

Y t = <D IYt-1 + <D zYt-Z + ..... + <D kYt-k + Ut t = 1,... T (1)

where Ut is an n-variate Gaussian white noise with EUt=O and Eutu; = ~t > O.Assuming

that y is 1(1) or 1(0) and true lag length is known, we can write the linear restriction on

<D i ' s such that

(2)

where Rand c are known mxn2k (m by n2k) matrix and m-dimensional vector,

respectively, and rank of R equals m, which is the number of restriction. LA-VAR

modifies the system so that it is equivalent to write this type:

Yt = <D; ~Yt-l + <D;~Yt_Z + + <D~~Yt-k + <D~+I~Yt-k-1 + Ut t = 1,...T (3)

where <D; = ~~=I<D j (i = 1, ,k) and <D~+l = ~~=I<D j (i = 1,... ,k).

FM-VAR could be written as:

Yt = 'PI~Yt-1 + 'Pz~Yt-Z +..... + 'Pk-I~Yt-k+1 + IIYt-1 + ut t = 1, ...T

where 'Pt = -~~=i+l<D j (i = 1, ... ,k -1) and II = ~~=I<D j'

ECM can be represented as:

~Yt = 'PI~Yt-l + 'Pz~Yt-Z + ..... + 'Pk-I~Yt-k+1 + IIYt-l + ut t =1, ...T
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where II =II - In' They conclude that the LA-VAR excels the other two in terms of size

stability. They also stressed that LA-VAR uses sample information inefficiently, which

may be costly in terms of size and power of the hypothesis test in a finite sample. FM

VAR does not always guarantee a desirable asymptotic size depending on the number and

location of unit roots in the system. The test can be quite conservative under the null

hypothesis, which may be in tum cause loss of power under the alternative hypothesis. In

ECM, size distortion is largely attributable to the difficulty in detecting the true

cointegration rank of the system. A source of size distortion lies in the nonparametric

estimation of the one-sided long run covariance matrix. If the accuracy of the long run

variance estimation is improved, the size distortion may be reduced. If additional

information on the structure of the model can be utilized, the performance of the FM

VAR procedure might be improved.

This research is to probe the link between trade and productivity by studying

industry-level data. We use LA-VAR, which was developed by Toda and Yamamoto

(1995) and further developed by Rambaldi and Doran (1996) and Zapata and Rambaldi

(1997). This research differs from others in two aspects. First, while all the research on

this subject has been analyzing macro data, this research will use industry level-data to

test the hypothesis. The other aspect is that, rather than using productivity as total output

over total labor employed, we use total output over standardized total labor in a sense that

we incorporate working hours2o
• Some industries may have causal relationship between

them so that they have active utilization of externalities, while others fail to support the

argument in industry level.

- 60-



Previous research did not put much emphasis on the causal relationship due to

specific characteristics of the industry, such as light manufacturing industry and heavy

manufacturing industry. The issues regarding the analysis of specific industries are: the

existence of difference in productivity level between exporters and non-exporter in the

respective industries, convergence in productivity level among exporters and

nonexporters, economy-wide efficiency, and long run productivity difference between

exporters and non-exporters.

There are several factors that complicate our understanding of productivity to

export causality. One factor that affects the causal direction of productivity to export is

the self-selection behavior of firms. Self-selection provides an educated guess that firms

with higher productivity will be led to export. In a study of Korean manufacturing

industries, Aw et al. (1998)21 found that exporters have higher productivity than non

exporters. Clerides et al. (1999) claim that self-selection is important and exporters are

more efficient than their non-exporting counterparts. Delgado et al. (2002) also support

the view that self-selection in the exporter is prominent. Thus, we can presume that

productivity is closely related to export in the manufacturing sector. Aw et al. (1995)

asserted that high fixed cost, as well as the risk factors that exporting firms face such as

market uncertainty, foreign exchange risk, and cultural differences, are the reasons for

exporters' self-selection behavior. These risks may lead to a lower profit margin and that

will topple the marginal potential exporter's desire to participate in exporting. In this

situation only efficient firms can survive and firms with high productivity are likely to

export.
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Another issue in productivity to export causality is the existence of sunken cost.

Low sunken cost will ease the exit decision for the firms with marginal productivity level

in the export market. Thus, it provides a strong relationship between productivity and

export. Pack (1992) and Levy (1991) claim that Korean manufacturing firms experience

high sunken cost in deciding to be an exporter because of a weak network. Taiwanese

firms, however, have lower sunken cost than Korean firms and show stronger positive

relationships between productivity and export. Since the light-manufacturing sector has

relatively lower entry and exit barriers than that of the heavy manufacturing sector, we

can presume that the former has a lower rate of sunken cost than the latter. We can expect

export and productivity to be more closely related in light industry than heavy industry in

the test of causality.

Government policy also helps us to determine whether there is causal direction

from productivity to export. Westphal (1990), Levy (1991) and Rodrik (1995) claim that

the Korean government's export subsidy had the effect of a negative interest rate. It

virtually provided insurance for the exporting firm and, thus, the export and productivity

relation is not closely tied in this case.

There, also,' are several factors that affect causal direction from export to

productivity. An issue regarding export and productivity is whether there is a convergence

in productivity between exporters and non-exporters. Productivity convergence indicates

that in the long run there is no productivity difference between exporters and non

exporters, which weakens the argument of those who claim the existence of export to

productivity causality. In the study of 14 GEeD economies between 1970 and 1987,
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Bernard and Jones (1996) found that there is no convergence in productivity level

between exporters and non-exporters. Similar results could be found from the research of

Caree et ai. (2000). Bernard and Jensen (1995) found that future growth is not

significantly higher for firms that currently export. However, they found that exporting

firms have higher employment rate as well as higher survival rate.

Another issue is whether there is an efficiency gain from exporting. Efficiency

gain could come from a leaming-by-doing effect, scale economy effect, or specialization.

Leaming-by-doing effect could not be found in Korean manufacturing industries (Aw et

aI., 1995; Delgado et aI., 2002). The Korean manufacturing industry, in aggregation, did

not show the widening of gap between exporter and non-exporter.

Scale economies and the spillover effect will help to explain the existence of

causal direction from export to productivity. When there are economies of scale, the

production cost will be down and productivity will be found in the opposite direction.

With positive externality spillover, a firm's knowledge from exporting could be

transmitted to whole industries or the society. Kim (2000) found that there is a scale

economic effect in the Korean manufacturing sector, but the spillover effect is small.

Bank ofKorea (2000) found no spillover effect and states that the information technology

industry has benefited from its own growth, while other industries did not have any

benefit.

Market structure, also, will influence the exporter's decision to invest in new

technology and productivity growth. While a competitive market structure will stimulate

adaptation or development of new technology, Bertland-type oligopoly market structure
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will provide no incentive to apply new technology. Thus, we expect that an industry with

competitive market structure will be most likely to have causal direction from export to

productivity.

Looking at the analysis of heavy industry, it grew under the support of

government. In heavy industry, decision to export was not always dependent on the level

of productivity, but the result of rent seeking behavior. Furthermore, Clerides et al. (1999)

also claim that export did not contribute to the change in production cost. Lee and Hong

(1999) reported that growth in domestic demand and export contributed to total product,

the value added, import growth, and change in industrial structure, but import substitution

and change in the input-output ratio did not contribute much. While industry growth was

led by export growth in 1980's, growth in domestic demand contributed more to industry

growth in the 1990's. Even though more technology intensive products and networks are

used, little evidence of improvement in productivity economy-wide could be found. The

KDB research (2000) argues that in spite of the growing use of IT, Korea faces the

'productivity paradox' in technology intensive industries. This paradox is widespread in
<

high technology industries and was captured by Solow who summarized that 'computers

are everywhere except in productivity statistics'. Increase in investment on the high

technology industries will enjoy economies of scale because of the decreasing marginal

cost. Also, the investment stimulates network externalities, which spur productivity

growth even more with the increase of users.

However, empirical researchers do not find those effects. Explanation of this

paradox can be found under three hypotheses: 'diffusion hypothesis' by David (1990),
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'capital stock hypothesis' by Oliner and Sichel (1994), and 'measurement hypothesis' by

Griliches (1994) and Baily and Gordon (1988).22 Allen (1997) supports the paradox, but

asserts that 'Three things give cause for optimism: researches that have identified

productivity gains at the firm level; industries like the electric utility industry that

demonstrate measurable increases in productivity; and observable but hard to measure

increases in the quality of services'. Grether (1999) found that technology diffusion is

favored by plant size and agglomeration of the economy, while the correlation with

international economic exploration does not appear to be robust. Los (1998) found that

rent spillover, which can be obtained through the purchase of innovative products, seems

to yield lower estimates of elasticity compared to pure knowledge spillover. Sjoholm

(1998) found that exporters who have higher productivity have a higher export growth

rate. The Bank of Korea (1999) research found that the productivity level in Korean

manufacturing sector has a positive relation with R&D, ratio of expenditure t6 education,

and operation ratio, but has negative relation with inflation. Lee and Hong (1999) found

that heavy industries are very sensitive to the world economic situation, to counterparts'

export price, and are exporting irregularly.
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Table 8. Summary of Research on Export-led Growth Hypothesis

METHODOLOGY Export
Authors \ Methods

Growth Technique Other Variables Led?

Amirkhalkhali,
Output OLS, GLS I/O ratio, L YES

Dar (92)

Bahmani-Oskooee, ADF (Cl), F-test
GDP None BD

Alse (93) (GC)

Real
Darrat (87) OLS None NO

GDP

Real
Dodaro (93) OLS None NO

GDP

Dutt,
GDP EGCI None NO

Ghosh (96)

EGCI, VARL, Government Spending,
Ghatak (98) RealGDP YES

BVAR, VECM MS,I,ER

K,
Gharty (93) GNP Wald (GC) NC

TOT

Glasure,
VEC

Government Spending,
BDGDP

Lee (99) MS,ER

Greenway, Sapsford
GDP OLS K,L NO

(94)

Holman,
Real GNP F-test (GC) None BD

Graves (95)

Real
Hsiao (87) F-test (Sims) None BD

GDP

Hutchison, Real
F-test (GC) Real I. GLE

Singh (92) GDP
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Table 8. Summary of Research on Export-led Growth Hypothesis
(Continued)

METHODOLOGY Export
Authors \ Methods

Growth Technique Other Variables Led?

Jin(95) GDP
F-test (GC), IRF, Foreign Price, ER,

BD
FEVD Output Shock

Jin, F-test (GC), IRF, K, L, ER, Foreign Output
GDP NO

Yu(96) FEVD Shock

Jung, Real
ML,GCI LaggedGDP YES

Marshall (85) GDP

Kunst, TOT,
LP F-test in VAR NO

Marin (89) OECD Output

TOT,
Marin (92) LP ADF, F-test (GC) YES

OECD Output

Real Population Growth,
Ram (87) OLS YES

GDP Real 1.

Riezman Import, Human Capital,
Income FEVD NO

et al. (96) Energy

Salvatore,
GDP OLS Input (K, L) Growth YES

Hatcher (91)

Sengupta,
GDP EGCI,OLS L,K YES

Espana (94)

Shan,
Wald (GC), SUR

Investment, L, Import,
Output BD

Sun (98) Energy

Sharma, Real
F-test (GC) Population, Real ER BD

Dhakal (94) GDP

Real
Sung-Shen et al. (90) F-test (GC) None BD

GDP
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Table 8. Summary of Research on Export-led Growth Hypothesis
(Continued)

METHODOLOGY Export
Authors \ Methods

Growth Technique Other Variables Led?

K, L, Non-fuel
Ukpolo (94) Output OLS YES

Production

No
Xu (96) GDP EGCI YES

Other

TOT,
Yamada (98) LP LA-VAR NO

GDPofOECD

Source: Shan, Sun (1998) and additions and adjustments by the author.

*BD: Bi-directional, CI: Cointegration, EGCI: Engel Granger Cointegration, ER:
Exchange Rate, FEVD: Forecast Error Variance Decomposition, GC: Granger Causality,
I: Interest Rate. I/O: Input Output, IRF: Impulse Response Function, K: Capital, L: Labor,
LA-VAR: Lag Augmented VAR, LP: Labor Productivity, ML: Maximum Likelihood,
MS: Money Supply, NC: No Conclusion, OLS: Ordinary Least Square, SUR: Seemingly
Unrelated Regression, TOT: Terms of Trade, VEC: Vector Error Correction,

- 68 -



CHAPTER 4

REVIEW OF METHODOLOGIES

4.1 Coefficient Restriction in VAR Model

General model starts from an n-vector time series {Yt}, and the {Yt}:-k+! is

generated by the following form:

(6)

where 1]t is I(d), integrated d order, or maybe CI(d, b), cointegrated with d and border.

Assume that {1]t } is a priori known k-th order vector autoregressive process such that

(7)

Also, assume that {St = (s1t, snt)'} is identically independently distributed and is

sequence of n-dimensional random vectors with zero mean and Lc >°covariance matrix

such that EISit 1

2
+

5
< 00 for some 8 >°.The starting point of analysis is t = -k+1, , °

and allowing the initial values {1]-k+l' ...... ,1]o} to be any random vectors including

constant. Substituting equation (6) into equation (7), we have

(8)

where Yi(i=O, ....q) are the functions of Pi and Jh(i =O, ....q, h =l,...k). When our

interest is not clarifying the integrated order of process, but testing the hypothesis, we can

write coefficient restrictions as
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ho : l(rjJ) = 0 (9)

on the parameter rjJ = vec(rjJ) of the equation (8), where rjJ = (Jp ,Jk ) and 10 is m-

vector valued function satisfying the standard assumption. To test the hypothesis on the

form of coefficient restriction, such as equation (9), we consider estimating a level VAR:

~ ~ ~

~ ~ ~qJ J J ~

Yt=Yo+Y1t+·······+Y/ + lYt-l+······+ kYt-k+······ pYt-p+&t (10)

by ordinary least square (OLS), where t=I, ... , T, and p = k + d, i.e., we include d more

lags than the true lag length k. Since h+1 ,...., Jp are assumed to be zero, coefficient

restriction on equation (9) does not involve them. We can write equation (10) as

( , , )'
x t = Yt-p····'Yt-k ,

Or in matrix term

y' =fA' +<DX' + q,z' +E',
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4.2 Testing for Unit Root, Lag Selection, Causality

First step toward the study of co-movement of exports and productivity is testing

for integration which tests whether each of the series contains a stochastic trend, known

as integration test, and whether they share common trend, known as cointegration test. A

variable is said to be integrated of order one, J(1), if the time series data become

stationary after first differentiation. It IS now a regular practice in time series

econometrics to apply a unit root test to each variable for stationarity before the

researcher proceeds to build an econometric model. In their Monte Carlo study in 1979,

Dickey and Fuller found that the critical value depends on the sample size and form of the

regression. They tested three different regression equations: 1) AZt = yz t -1 + et : pure

random walk model, 2) AZt= ao +y Zt -1 + e t : intercept or drift model, 3) AZt= ao +y Zt-1

+ a2t+ e t: model with drift and linear time trend, and they provided critical values for

each test statistics. The null is rejected if b is negative with I b+1 1<1 and significantly

different from zero. Augmented Dickey Fuller test generalizes its test to p-th order

autoregressive process. To test for integration, following regression is formed:

where m is selected to be large enough to ensure that the residual et is empirically white

noise. The test statistic is the ratio of b to its calculated standard error obtained from an

OLS regression. The null hypothesis is Ho: Zt ~J(1), that is Zt is not stationari3 in levels.

Under the null hypothesis, the test statistic does not have standard t distributions because

of theoretically infinite variance of Z as t goes to infinite, that is, the variance of Z is time
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dependent. Augmented Dickey-Fuller unit root "t-tests,,24 and Phillips-Perron test are

most popular in determining order of integration. Most of the economic data is said to

have 1(1) or at the most 1(2) process.

If unit roots are found in several variables of interest, one applies cointegration

test. Two variables are said to be cointegrated of order one Cl(1,l), if they are

individually 1(1), but some linear combination of the two is 1(0).25 In general term, two

series are said to be cointegrated of order d and b Cl(d,b) if they are both l(k) and there is

a linear combination of them which is l(d - b) where b>O. A cointegration test is to

examine whether there exists a linear combination between those two variables of

concern. In order to test cointegration between x and q, for example, a test is required to

learn if error term, Ut, is stationary.

Popular methods for testing cointegrating relationship are Dickey-Fuller,

Augmented Dickey-Fuller and Durbin-Watson statistics. Cointegration test will allow us

to answer the question of whether interested variables share common trend so that they

can be considered as a long run equilibrium relationship, which holds except for the

stationary stochastic errors. This interpretation allows one to investigate the long run

economic relations among the variables by estimating cointegrating vectors. Sims, Stock

and Watson (1990) showed that with the existence of cointegrating relationships between

variables the standard asymptotic theory of OLS might not be allowed for testing

coefficient restrictions on the VAR model. One way to test hypothesis on the integrated

VAR model is to apply Johansen-type ECM
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One important aspect of testing the export-led growth hypothesis comes from

selecting the lag length. Most of early research selected lag structure arbitrarily. However,

some recent research, including but not limited to Shan and Sun (1998), tends to

emphasize the importance of lag structure. Some of the most popular methods of

selecting lags are Akaike Information Criterion (AIC) and Schwarz Information Criterion

(SIC)26. AlC and SIC perform regressions from 0 to maximum lags and chooses the

optimal lag length by the minimum AlC or SIC. Multivariate AlC and SIC are:

AIC = T log ILl + 2 N

SIC = T log ILl + N 10g(T)

where ILl is determinant of the variance covariance matrix of the residuals, N is total

number of parameters estimated in all equation, T is number of observations. Thus, AlC

is sum of T times the logged residual variance plus twice the number of parameters

contained in the model. Additional parameters reduce the first term while increasing the

second. Lowest value in AIC and SIC suggests optimal lag. However, AlC and SIC do

not necessary suggest same lag length for same series of data. Choosing one over the

other is arbitrary and a third alternative is possible. Johansen (1995) suggests that we

should avoid including too many lags in system since the number of parameters grows

fast with the lag length and information criteria strike a compromise between lag length

and the number of parameters by minimizing a linear combination of the residual sum of

squares and the number of parameters. However, too small lag length may have a

possibility ofmisspecification problem. Many suggest beginning with the longest feasible

length, given degree of freedom consideration, and run the test for a few different lag
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structures in order to avoid the result that is sensitive to the choice of lag length.27 We

follow this procedure by testing reduced lag structure from the suggested lag length by

Ale. Some research, such as Shan and Sun (1998) estimated the test of the hypothesis by

using several different lag structures in order to avoid reaching a result that is sensitive to

lag length, which has been a criticism of the test procedure. We decided to follow Shan

and Sun by testing different lag structure for the tests in order to avoid this problem. For

the Wald test, Toda and Yamamoto (1995) showed that lag selection procedure that is

commonly used for stationary VAR is valid for VAR's with integrated or cointegrated

process as long as the number of lags is equal or greater than that of integration for the

process.

Stability condition of A, nxn (n by n) square matrix with elements aij, with x an

nxl (n by 1) vector, can be explained by using characteristic root. The scalar Ais called a

characteristic root of matrix A if Ax = AX is satisfied. Accordingly, the A satisfies the

equation IA- All = 0, where I is an nxn (n by n) identity matrix. Characteristic equation

will be nth order polynomial in A. The necessary and sufficient conditions for all

characteristic roots to lie within the unit circle are provided by Schur theorem.

The theorem uses nth order difference equation and states that when the

characteristic equation is such that

The real parts of all characteristic roots are less than one III absolute value if all

determinants below are positive.
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In above matrixes, each ~i is i by i triangular matrix. The northwest part of each matrix

has lower triangular matrix with I in all diagonal elements. The southeast part of matrix

is a transpose of the northwest sub-matrix.

Impulse response function allows one to trace out time path of the various

shocks on the variables contained in the VAR system. Standard form for 2 variables (y,

z) and two-lag VAR can be expressed as:
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Or compactly

co

XI = J1 + Lt/JA-i
i=O

The ~jk(i) is called impulse response function and gives visual representation of

the behavior of the Yt and Zt series in response to the various shocks. Since an estimated

VAR is under identified, additional restriction on the system is required in order to

identify impulse response function. That is, in order for the system to be exactly identified,

we need to restrict the system, called orthogonalization. There are several methods for the

orthogonalization. The most popular method is Cholesky decomposition. Other methods

for orthogonalization are Bemanke-Sims, Harvey-Sagan, and Blanchard-Quah. Cholesky

decomposition factors sigma into PP' where P is lower triangular matrix whose diagonals

are the standard deviations of error terms. Thus, the first variable in the VAR is only

affected contemporaneously by the shock to itself. The second variable in the VAR is

affected contemporaneously by the shocks to the first variable and the shock to itself, and

so on. So, we can write P = B-1D1I2
• The orthogonalizations for impulse responses place

conditions on the structural form matrices Band D in such equation as:

BY(t) =B(l)Y(t-l)+ ... + B(p)Y(t- p)+FX(t)+v+E(t)

where VCV(E)=D. Bemanke-Sims' method factors sigma into B-1DB,-1 where D is

diagonal (with the variances of E), B has unit diagonals, but allows for the user to force

certain B(i,j) = 0, (not for i=j) and will test these restrictions. Harvey-Sargan's method
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factors sigma into B-1DB,-1 where the user can distribute unit coefficients and zeros

among both Band D, but one or the other will have unit diagonals. Blanchard-Quah's

method factors sigma into PP' where P=C(ly1G where G is the Choleski decomposition

of C(I)~C(I)' and C(l) is the sum of the oo-order VMA coefficients from the Wold

decomposition of the VAR. This yields impulse responses such that the Ist variable may

have long run effects on all variables, the 2nd may have long run effects on all but the 1st,

the 3rd on all but the 1st and 2nd, etc. We decided to use Cholesky decomposition, which

is most popular among decomposition methods.

Granger causality test 28 is based on the criteria whether movements in one

variable, export in the export-led growth hypothesis test, help to predict movements in the

other variable, productivity in our case. Let individual coefficients ofAij(L) be denoted by

aill), aij(2),oo aij(n), where i is the number of row andj is the number of column. Since all

equations have the same lag length in VAR model,29 all the polynomials AilL) are of the

same degree. Considering simple two variable model, EXit and PRit, export variable in

industry i at time t EXit is said not to cause the productivity variable in industry at time t

PRit in Granger's sense if and only if all the coefficients of Al2 (L) are equal to zero,

where one indicates export variable and two indicates productivity variable. If there is no

causality from export variable to productivity variable, the forecast for PRit does not

improve when lagged export variables EXit-I, EXit-2, ...EXit-k, are included, where k is the

lag length.

The following equations can be used to test the hypothesis that export expansion

causes productivity growth or vice versa:
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(1- L)EXit =d + (1- L)EXit_1 +hJ(1- L)PRit_J + ut

where d is constant, b is parameter. Ut is un-correlated error tenns with zero means and

finite covariance, and L is lag operator as before. However, at the presence of

cointegration relationship between variables, ECM should be specified. The above

equation is transfonned into:

(1- L)EXit =d + (1- L)EXit_1 +hJ (1- L)PRit- J + k(EXit_1 - wPRit_1 ) + ut

where k, w, are parameters.

Toda and Yamamoto's LA-VAR method has advantage in its simplicity and

bypassing some pretest procedures, which were sources of size distortion and loss of

power. This method can be applied whether the VAR's may be stationary, integrated of

an arbitrary order, or cointegrated of an arbitrary order. Consequently, one can test linear

or nonlinear restrictions on the coefficients by estimating a level VAR and applying the

Wald criterion, paying little attention to the integration properties of the time series data

at hand.
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CHAPTER 5

DATA, MODEL AND EMPRICAL RESULTS

5.1 Data

Five variables (productivity, import, exchange rate, total productivity, export)

VAR model is being estimated by using monthly data from January 1988 to March 2000.

We tried to select as many industries as possible in order to reflect the complicated nature

of the current economy, but wanted to control the total number of industries in order to

avoid the loss of essential elements of economic behavior. We selected 12 industries from

the manufacturing sector that follow the KSIC 5th revision.3D The KSIC 5th revision and

its description of the Korean manufacturing sector that we used in this research are

reported in Table 9. From industry 31 to 37 we used the two-digit KSIC. However, we

divided industry 38, Machinery and Transport Equipment, into five sub-industries by

using three-digit KSIC. Due to the rapid growth of this industry, closer investigation is

necessary.

There was a major change in KSIC in 1992. While productivity data were

published according to KSIC 5th revision until December 1992, the data were published

according to a new classification (6th revision) from January 1993. The new classification

was needed in order to catch up with the changes in product diversity and changes in the

manufacturing sector. Noticeable changes come from the industries 32, 35 and 38.
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Especially, industry 38 was divided into 9 different industries in the new classification,

which reflects the growing complication of the industry. The importance of the

information-communication-technology industry, machinery industry, and transportation

industry spurred this change in classification.

Monthly productivity data are from Korea Productivity Center (KPC). We had to

convert new classification to old classification because the data in new classification are

more detailed and the old classification subgroup data were not available. Conversion

from KSIC 6th revision to KSIC 5th revision is shown in Table 10. In order to generate

new productivity data, we had to collect labor input data. We obtained weight of each

industry according to the amount of labor input in each industry (industry i's input /

industry total input), then multiplied each industry's productivity and added together.

Also, productivity data were published in two different base years. In order to generate

data with single base year, one-step ahead forecast method was used. After generating the

data of January 1993, we adjusted the productivity data from 1988 to 1992 to have

consistent productivity data with 1995 base year. Due to these data constraints, there may

be a discontinuation in the productivity data series.

The trade data are from the Korea Trade Information Services (KOTIS).

International trade data are published according to Harmonized Commodity Description

and Coding System (HS in short). We decided to use the KSIC for our research so we

converted HS data to KSIC 6th revision, and then converted to KSIC 5th revision. We

decided to use 4-digit HS data. With 4 digits, there were more than 4000 products in the

manufacturing sector that are involved in international trade. Conversion from the 4-digit
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HS code to KSIC 6th revision was not an ideal fit. In some industries, the 4-digit HS was

shown in multiple industries in KSIC. However, the multiple listing problems could be

solved when we convert the data from KSIC 6th revision to KSIC 5th revision. The export

and import data are being published in current price. By using the producer price index,

we could convert export and import data to 1995 constant price.

Data for the ER variable were readily available from many sources. We used

daily closing exchange rate data published by Bank of Korea. Then, the data were

converted to monthly data by generating the average of the each month. Total

productivity data in manufacturing sector were available from KPC.
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Table 9. Classification of Korean Manufacturing Sector (KSIC 5th Revision)

KSIC Classification KSIC Industry Descriptions

fudustry 31 j 1 Food and Beverage
-

Industry 32 Textile, Apparel, Leather, and Footwear

Industry 33 Wood and Wood Products including Furniture

Industry 34 Paper, Paper Products and Printing

Industry 35
._~~

Petroleum, Chemicals and related products
~

Industry 36 Non-metallic Mineral Products

fudustry 37 Manufacture ofBasic Metals
-

Industry 381 Fabricated Metal Products

fudustry 382 Machinery and Equipment
-

Industry 383 Electrics and Electronics Equipment
.-

Industry 384 Medical, Precision and Optical Instruments
-

Industry 385 Motor Vehicles and Transport Equipment

Table 10. Connection between KSIC 5th Revision and KSIC 6th Revision32

5TH REVISION

6t11 REVISION

31 32 33 34

15 17,18,19 20,36 21,22

35 36

23,24,25 26

37 381 382 383
---,--------,----,-

5TH REVISION

6th REVISION 27 28 29 30,31,32

384 385

34,35
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5.2 The Model

Our VAR system is constructed on the basis of five variables. They are total

amount of export for industry i at time t (EXit), total amount of import for industry i at

time t (IMit), productivity for industry i at time t (PRit), exchange rate at time t (ERD and

total productivity in manufacturing sector at time t (TPRt). Earlier research used a simple

two-variable structure to test causality. However, the research that used two variables is

criticized for having misspecification error. We used export and productivity to test

export-led growth. Some research used GDP for economic growth. Since we are

interested in industry level analysis, productivity growth in each industry will be a good

indication of economic growth. Other alternative choice for economic growth can be

output in each industry. By choosing each industry's productivity variable, we do not

consider economic growth as a result of input growth. Since export-led growth

incorporates the concept of scale economies, efficiency gain, and learning by doing,

economic growth through input growth does not fit in the export-led growth concept.

Riezman et al. (1996) emphasized the importance of import variable in testing the export

led growth hypothesis. They argue "standard methods of detecting export-led growth

using Granger-causality tests may give misleading results if import variable is not

included33
. Omitting the variable can result in a spurious rejection of export-led growth as

well as spurious detection of it". This argument is convincing in the case of the Korean

economy, which heavily relies on importing capital inputs for the production of final

goods. The total productivity level was included in order to catch interaction between

- 83 -



industries. By including this variable we do not need to include every other industry's

variables in order to look at the interaction between industries. We include the foreign

exchange rate, which is KRWIUS$. Exporters are suppliers in the foreign exchange

market and importers are demanders in the market. Exchange rate34 controls for export

and import growth which result from foreign exchange fluctuation rather than changes in

economic activity. Due to the financial crisis in Korea in late 1996, exchange rate data

shows volatile movement in 1996 and 1997. This volatility in the exchange rate, as well

as in the export and import variable, might affect the stability of lag structure.

By following Yamada's (1998) approach, we assume that the process of all

variables in our research is either integrated of order one, 1(1), or integrated of order zero,

1(0). Most macro data are known to be either 1(0) or 1(1). If the system contains unit roots,

standard test statistics such as a Wald statistic based on OLS estimation of level VAR

model is known to have non-standard asymptotic distribution. In that case, we may not be

able to use standard test because the distribution involved in nuisance parameters

(Phillips and Durlauf, 1986; Park and Phillips, 1988, 1989; Sims et. aI., 1990).

In order to avoid non-standard asymptotic properties Toda and Yamamoto

(1995) consider a simple method that makes Wald test is valid regardless of the order of

integration of the process. The main idea of this approach, lag augmented vector

autoregressive, is that researchers intentionally over-fit the VAR model by the number of

maximum order of integration to estimate an [optimal number of lag (k) + number of

maximum order of integration (d)]-th order VAR model. Then we perform the hypothesis

test by using a standard Wald statistic without considering the coefficient matrix of the
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augmented lag, which is assumed to be zero, in the estimated equation. The only prior

knowledge for this LA-VAR is the maximum order of integration of the process. Unlike

the other test for unstationary variables, the pre-tests for a unit root and cointegrating rank

are not required and the associated bias and size distortion can be avoided asymptotically.

Consider a simple five-variable first order vector autoregressive model. Starting

with short length will help to understand the system without losing core concept. A

structural form of a model with autoregressive of order one can be written as:

EXt =blO -b12 ERt -b131Mt - .... -bI5 PRt +YllEXt_1 +Y12ERt_1 + .... ·+YI5PRt-1 +8EX/

ERt =b20 -b21 EXt -b231Mt - .... -b25 PRt +Y2IERt_1 +Y22EXt_1 + .... ·+Y25PRt-1 +8ER/

IMt =b30 -b31 ERt -b32 EXt - .... -b35 PRt +Y3IERt_1 +Y32EXt_1 + .... ·+Y35PRt-1 + 81M/

TPRt =b40 -b41 ERt -b42 EXt - .... -b45 PRt +Y4IERt_1 +Y42EXt-l + .. ·.. +Y45 PRt-1 +8TPR /

PRt =b50 -b51 ERt -b52 EXt - .... -b54TPRt +Y5IERt_1 +Y52EXt-l + .... ·+Y55 PRt-1+8PR/

(11)

Assume that each variable is stationary, error terms are white noise disturbance,

and residual terms are not correlated each other. In each equation, all five variables are

treated as endogenous to each other. This model incorporates feedback since all variables

are allowed to affect each other. From this structural model, we can write in simpler

vector term. Equation 11 can be written in following vector form.

1 bl2 b13 bl4 bl5 EXt blO Yll YI2 Y13 YI4 YI5 EXt_I 8EX,

b21 1 b23 b24 b25 ERt b20 Y 21 Y22 Y23 Y24 Y25 ERt_1 8ER,

b31 b32 1 b34 b35 IMt = b30 + Y31 Y32 Y33 Y34 Y35 IMt_1 + 81M,

b41 b42 b43 1 b45 TPRt b40 Y41 Y42 Y43 Y44 Y45 TPRt_1 8TPR,

b51 b52 b53 b54 1 PRt b50 Y51 Y52 Y53 Y54 Y55 PRt_1 8pR,

or
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BYt = r o + rlYt_1 + E t

where

1 biZ b13 biZ biZ EXt blo
bZI 1 bZ3 bZ4 bzs ERt bzo

B= b31 b3Z 1 b34 b3S , Yt= 1Mt , r - b30 ,0-

b41 b4Z b43 1 b4S TPRt b40
bSI bsz bS3 bS4 1 PRt bso

Yll YIZ Y13 YI4 YIS &EX,

YZ I Yzz YZ3 YZ4 Yzs &ER,

r l = Y31 Y32 Y33 Y34 Y3S , E= &IM,t

Y41 Y4Z Y43 Y44 Y4S &TPR,

YSI Ysz YS3 YS4 Yss &pR,

Pre-multiply by B-1 will give us

Yt = <1>0 + <l>IYt_1 + et

where

<1>0 =B-Iro, <1>1 = B-Irl' B-1et = E t

(12)

(13)

Using the five-variable model and following Kunst and Marin (1989), Marin

(1992), and Yamada (1998), we investigate causality from productivity to export in each

industry. Equation 13 can be extended to standard form with k lags:

where Yt = (PRt, ERt, 1Mt, TPRt, EXt)' and is positive definite, k is lag length, ~e is

variance covariance matrix. Our interest is to test hypothesis restricting <l>j (i=l, .... , k)

such that

(15)
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where Rand c are known mxn2k (m by n2k) matrix and m-dimensional vector,

respectively, where m is the number ofrestriction(s) for the system, and rank R = m.35 A

'vee' operator transforms a matrix into a column vector by stacking the columns of the

matrix below each other. 36 Thus, the vectorization vec(<1>1, ..... , <1>k) denotes a column

vector obtained by stacking the rows of matrix (<1>1, ..... , <1>k)' Let us partition Yt as

(y;P y;P y'3t)' where partition 1 in Yt is PRt, partition 2 is ERt, IMt, TPRt, and partition 3

is EXt. We are interested in testing causal effects of the n3 elements of Yt on the n1

elements of this vector and, in this model, the null hypothesis of non-causality is

represented as

<1>1,13 = .....= <1>k, 13 = °
where <1>i, 13 is the n1 by n3 sub-matrix of <1>i

(16)

so that R = (S; ® I k ® S;) and c = 0, m by one matrix in equation (15).

Wald test for non-causality based on LA-VAR approach a standard Wald test for

equation (16) in a [k + d (maximum order ofintegration)rh order VAR model, such as
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asymptotically distributed as Chi-square with nlxn3xk degree of freedom. 37
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5.3 Empirical Results

In order to look at the characteristics of the data set we investigated

autocorrelation function and partial autocorrelation function. The plot of ACF and PACF

of each variable is reported in Appendix D. We only included results on the export and

productivity variables due to the limitation of the size of this research. In each variable,

the top panel shows the plot of series of data and the bottom panel shows ACF and PACF

with +/- 1.96 standard errors around zero-correlation. We set the number of correlation at

16, which is long enough to capture correlations in each variable.

Export variables (EXj), in general, show stronger autocorrelation and partial

autocorrelation than other variables do. The Korean manufacturing industry is heavily

dependent on overseas economic fluctuation, making fluctuation with the world market

inevitable. Since we used monthly data, which are known to be volatile, they show

stronger correlation in 12 lags. Only industry 381 did not show correlation in 12 lags.

Some industries, such as industries 31, 37, 382, 383, 384, 385, show strong 6-lag

autocorrelation. Productivity variables (PRj) also show stronger autocorrelation with 12

lags, except industries 35, 384 and 385. Since most manufactured products have seasonal

behavior, productivity has to adjust accordingly. Exchange rate has strong correlation in 9

lags but is still around 1.96 standard error. The total productivity (TPR) variable shows

strong correlation in 12 lags, which is common in monthly data.
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5.3.1 Unit Root Test

Prior to testing causality, testing for order of integration for each variable is

necessary. We used the Phillips-Perron test in order to test whether the data are integrated

with order zero, one or higher order. The Phillips-Perron test is the most popular test for

the unit root. The Phillips-Perron test is set for two tests; one is the test including a

constant and trend and the other is the test including a constant but no trend. Phillips

Perron statistics modify the Dickey-Fuller t-statistics by allowing for an adjustment to

account for heterogeneity in the error process. There is no requirement for the disturbance

term to be serially uncorrelated or homogeneous. Instead, the Phillips-Perron test allows

the disturbance to be weakly dependent and heterogeneously distributed. The critical

values for the Phillips-Perron statistics are the same as that ofthe Dickey-Fuller test.

In order to ensure stability of the test result, we tested with 0,4, 8, 12, 16, and 20

lag(s). Only the test of 0, 8 and 16 lag results are shown in Table 11 and Table 12. The

critical value for the test with constant is -2.89 and for constant plus trend is -3.44 in all

data since we are using the same 147 observations and 0.05 critical level. In level data,

the ER variable could not reject the null hypothesis of the unit root in either the constant

or constant plus trend test. Thus, we can say that there is unit root in the ER variable.

However, with the first differentiation of level data, the ER variable could reject the null

hypothesis of the unit root in both tests at every lag structure, as can be seen from Tables

11 and 12. The ER variable's unit root can be solved by first differentiation, therefore the

ER variable is 1(1). In EX variables, the test with constant shows that EX33, EX34, EX35,
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EX37, EX382, EX383 and EX384 variables could not reject the null hypothesis, but the

other EX variables could reject the null hypothesis of the unit root. When we test with

constant plus trend, only EX35 and EX383 could not reject the null hypothesis. With the

differentiation of EX variable, all EX variables could reject null hypothesis of unit root.

Thus, export variables are at most 1(1). Regarding import variables, the test with a

constant on the level data shows that all variables, other than IM31, IM37, IM381, IM382,

and IM385, could not reject the null hypothesis of the unit root. When we add a trend, all

the 1M variables, other than IM31 with 12 lags, IM35, IM381 with 12 lags, IM383,

IM384, and IM385 with 12 lags, could not reject the null hypothesis of unit root.

Differenced data in import variables show that all could reject the null hypothesis of unit

root. Regarding productivity variables with a constant in level data, test results show that,

regardless of the lag structure, all variables could not reject the null hypothesis of unit

root. When we add a trend in the test, PR33, PR381, and PR383 could not reject the null

hypothesis. With the differentiation of the productivity variables, all the import variables,

with or without trend, could reject the null hypothesis of unit root. Our test result shows

that some variables could not reject the null hypothesis of unit root. However, first

differentiation of the variables with unit root could solve the problem. Like macro data,

our data show that they are at the most 1(1). So, we tested the export-led growth

hypothesis at both 1(0) and 1(1).
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Table 11: Phillips-Perron Test (Constant + No Trend)

LEVEL I DIFFERENCED I
LAGS 0 8 16 I 0 I 8 I 16 I

ER -1.000 -1.200 -1.163 -8.398 -7.979 -7.904

EX31 -6.501 -6.784 -7.545 -13.271 -17.614 -23.097

EX32 -4.550 -4.547 -5.469 -15.875 -21.597 -23.699

EX33 -2.072 -1.516 -1.701 -15.775 -18.720 -19.325

EX34 -1.552 -1.008 -1.047 -11.460 -12.169 -12.883

EX35 -1.367 -1.049 -1.076 -16.181 -17.104 -17.159

EX36 -3.851 -3.973 -4.929 -17.734 -21.459 -20.435

EX37 -2.595 -2.029 -2.364 -15.033 -20.074 -19.612

EX381 -6.696 -7.541 -8.829 -17.292 -26.405 -30.481

EX382 -2.706 -2.069 -2.495 -16.572 -22.861 -25.152

EX383 0.600 0.840 0.914 -11.758 -11.747 -11.747

EX384 -2.399 -2.212 -2.216 -12.574 -13.087 -14.158

EX385 -4.686 -4.862 -5.951 -17.293 -27.508 -40.040

IM31 -3.439 -3.281 -3.563 -18.027 -18.715 -18.774

IM32 -2.531 -2.383 -2.575 -14.272 -14.572 -14.456

IM33 -2.793 -2.699 -2.860 -14.438 -14.784 -15.054

IM34 -3.024 -2.838 -3.114 -17.554 -18.012 -17.454

IM35 -2.551 -2.365 -2.510 -16.141 -16.299 -16.115

IM36 -2.592 -2.358 -2.583 -16.272 -16.953 -17.681

IM37 -3.004 -2.892 -3.157 -17.237 -17.306 -16.970

IM381 -3.480 -3.195 -3.578 -17.380 -20.219 -20.677

IM382 -3.881 -3.590 -4.027 -14.614 -17.752 -18.329
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Table 11: Phillips-Perron Test (Constant + No Trend) (Continued)

I

"

LEVEL

"

DIFFERENCED I
I LAGS

II
0 I 8 I 16 I 0 8 16

IM383 0.969 1.623 1.426 -13.840 -13.795 -13.836

IM384 -2.612 -2.378 -2.565 -15.697 -16.254 -16.281

IM385 -4.900 -5.139 -6.103 -16.819 -23.949 -25.161

PR31 -2.390 -1.676 -2.035 -16.803 -22.503 -24.993

PR32 -1.861 -1.524 -1.513 -14.806 -18.579 -22.156

PR33 -1.122 -0.446 -0.512 -12.813 -14.009 -14.878

PR34 -1.078 -0.421 -0.445 -17.967 -22.908 -24.273

PR35 -0.199 0.376 0.605 -17.839 -19.942 -22.864

PR36 -1.952 -1.444 -1.439 -10.691 -11.440 -14.451

PR37 -0.988 0.038 -0.033 -23.131 -24.661 -25.939

PR381 -1.516 -1.277 -1.262 -11.874 -12.667 -13.247

PR382 -0.580 -0.018 0.061 -14.401 -15.552 -16.268

PR383 0.988 1.896 1.897 -12.130 -12.312 -12.165

PR384 -0.459 0.683 0.771 -14.924 -18.258 -19.674

PR385 -2.267 -1.879 -1.911 -14.764 -17.723 -19.779
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Table 12: Phillips-Perron Test (Constant + Trend)

I II
LEVEL I DIFFERENCED

I LAGS

"

0 I 8 I 16 I 0 8 16

ER -2.254 -2.515 -2.460 -8.402 -7.978 -7.901

EX31 -7.228 -7.457 -8.115 -13.270 -17.611 -23.096

EX32 -8.173 -7.713 -7.703 -15.882 -21.635 -23.790

EX33 -5.068 -5.137 -5.965 -15.776 -18.692 -19.249

EX34 -4.321 -4.131 -4.262 -11.460 -12.189 -12.951

EX35 -3.406 -3.355 -3.716 -16.179 -17.102 ~17.161

EX36 -3.990 -4.137 -5.067 -17.771 -21.917 -21.111

EX37 -4.298 -4.289 -5.054 -15.041 -20.269 -19.901

EX381 -7.640 -8.530 -9.523 -17.291 -26.390 -30.428

EX382 -5.675 -6.304 -7.389 -16.571 -22.843 -25.089

EX383 -1.423 -1.560 -1.618 -11.909 -11.921 -11.944

EX384 -4.240 -4.374 -3.984 -12.580 -13.089 -14.079

EX385 -10.068 -10.160 -10.596 -17.294 -27.531 -40.209

IM31 -3.441 -3.304 -3.627 -18.075 -18.882 -19.141

IM32 -2.595 -2.470 -2.715 -14.286 -14.607 -14.519

IM33 -2.950 -2.834 -2.944 -14.486 -14.906 -15.362

IM34 -2.985 -2.793 -3.097 -17.587 -18.143 -17.651

IM35 -2.633 -2.461 -2.688 -16.176 -16.398 -16.283

IM36 -3.482 -3.326 -3.475 -16.342 -17.193 -18.376

IM37 -2.982 -2.852 -3.103 -17.268 -17.399 -17.119

IM381 -4.047 -4.017 -4.581 -17.392 -20.343 -20.993

IM382 -3.863 -3.576 -4.043 -14.636 -17.997 -18.973
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Table 12: Phillips-Perron Test (Constant + Trend) (Continued)

LEVEL DIFFERENCED

LAGS 0 8 16 0 8 16

IM383 -1.048 -0.874 -1.268 -14.112 -14.065 -14.033

IM384 -2.781 -2.601 -2.863 -15.711 -16.307 -16.406

IM385 -5.003 -5.324 -6.330 -16.825 -24.150 -25.679

PR31 -6.318 -6.373 -7.137 -16.804 -22.564 -25.201

PR32 -5.323 -5.631 -6.243 -14.815 -18.721 -22.927

PR33 -2.432 -2.073 -2.335 -12.865 -14.356 -16.012

PR34 -5.968 -5.964 -6.572 -17.974 -23.005 -24.490

PR35 -5.993 -6.255 -6.098 -17.870 -20.069 -23.279

PR36 -5.477 -5.398 -5.421 -10.689 -11.453 -14.680

PR37 -5.529 -5.932 -6.472 -23.315 -25.529 -27.359

PR381 -3.388 -3.266 -3.549 -11.887 -12.732 -13.448

PR382 -3.701 -3.606 -3.842 -14.437 -15.686 -16.528

PR383 -1.197 -0.767 -0.880 -12.399 -13.297 -13.489

PR384 -3.523 -3.308 -3.881 -15.009 -19.346 -23.399

PR385 -3.769 -3.669 -4.145 -14.773 -17.793 -20.165
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5.3.2 Impulse Response Function Analysis

Impulse response function (IRF) analysis shows the amount of one standard

deviation of one variable's shock induces a change in the standard deviation of the other

variables. IRF analysis will tell us how each variable interact with each other. We applied

a structural shock to each variable. For each industry, we only included the results from

IRF analysis in two variables. The results from IRF to productivity variables are shown in

Graph 1 and that from IRF to export variables can be found in Graph 2.

We can see from Graph 1 that, other than industries 35, 36, 382 and 384,

productivity variables react well to export variables. The effect of export on productivity

is fairly long lasting, especially in the light manufacturing industry and industry 37.

Industry 381 shows strong response, but the impact is short lived. The response of the

productivity variable to the shock from the export variable could be an indication of

export causing productivity. Accumulated IRF analysis in each industry, not shown,

indicates that there is positive long-term relationship.

Looking at the interaction between productivity and exchange rate, IRF analysis

shows that exchange rate has little effect on the productivity variable. This is the reason

we decided to apply restriction on the exchange rate variable in the productivity equation.

Also, most of the effects of a shock to the exchange rate came from export and import,

not from the productivity variables in their respective industries. Meager interaction

between exchange rate and productivity could be found in all industries.
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Graph 2 shows that the productivity variable, in each industry, does not have

much impact on the export variable. This can be found in almost all industries; only

industry 36 has some sign of interaction. This implies that there may not be many

industries with causal direction from productivity to export. Also, import variable does

not have much impact on export variable, except in industry 382.

We found weak relations between export and exchange rate in all manufacturing

industries. Graph 2 shows that the degree of impact of exchange rate variable to export

variable is weak. However, international economic theory provides a theoretical

background for the close relationship between export and exchange rate. Exporters are

suppliers and importers are demanders in the foreign currency market. Also, depreciation

of the Korean Won will stimulate export and the appreciation of the Korean Won will .

decrease export activity. Thus, international economic theory expects that there is a

positive correlation between exchange rate and export. A reason for the weak relation

between export and exchange rate could stem from the fact that Korea is a small economy

that relies on export for economic expansion and has every incentive to export despite

some adverse economic environments.
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Graphs 1: Impulse Response Function to Productivity Variables

Effects of a Shock to DPR31
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Graphs 1: Impulse Response Function to Productivity Variables (Continued)

Effects of a Shock to DPR35
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Graphs 1: Impulse Response Function to Productivity Variables (Continued)

Effects of a Shock to DPR382
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Graphs 2: Impulse Response Function to Export Variables
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Graphs 2: Impulse Response Function to Export Variables (Continued)

Effects of a Shock to DEX35
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Graphs 2: Impulse Response Function to Export Variables (Continued)

Effects of a Shock to DEX382
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5.3.3 Forecast Error Variance Decomposition Test

Forecast error vanance decomposition (FEVD) provides information on the

proportion of the movements in a sequence contributed by its own shocks versus shocks

to the other variables. If the error term of a variable, for example &ER' shocks explain

none of the forecast error variance of the other variable, for example EX, at all forecast

horizons, we can say that the EX sequence is exogenous to ER variable. Since our focus

is on the interaction between export and productivity variables, we have reported FEVD

analysis on those two variables. Graph 3 shows FEVD for productivity variables and

Graph 4 shows FEVD for export variables. Graph 3 demonstrates, in each industry, the

proportion of forecast error variance of each variable on the productivity variable and

Graph 4 displays the proportion of forecast error due to each variable on the export

variable.

We can see from Graph 3 that the export variable in most industries plays an

important role on productivity, except in industries 381 and 383. From this

decomposition analysis, we can see the interaction between the export variable and

productivity in the light manufacturing sector, as well as most industries of the heavy

manufacturing sector. We can presume export expansion causes productivity growth.

Import variables also have contributed to errors in the productivity variable, except

industries 35 and 383. While forecast error for the productivity variable from exchange

rate in industry 383 is sizable, some industries, such as 32, 381 and 384, show otherwise.

In the analysis of industry 383 we found that the exchange rate effect dominates the other
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effects on productivity. Contrary to IRF analysis, FEVD analysis showed that there are

some responses from the exchange rate to productivity variables.

In Graph 4, the FEVD test result shows that the productivity variable contributed

high forecast error variance on export in all industries, except 35, 384 and 385. In the

analysis of industry 37, productivity effect dominated other effects. This significant

contribution can be translated into the existence of causal direction from productivity to

export. Contribution of the exchange rate variable to the export variable is small but

uniform in almost all industries. In the analysis of industry 383, we found that the total

productivity effect dominated other effects. Other results that we did not report from

FEVD are that ER variable's forecast error variance is mostly due to its own. This

explains that even though exports and imports are affected by the exchange rates, export

and import activities, which are functions of supply and demand for foreign currency,

have little effect on the exchange rate. This coincides with the result from the impulse

response function analysis.
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Graphs 3: FEVD for Productivity Variables
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Graphs 3: FEVD for Productivity Variables (Continued)
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Graphs 4: FEVD for Export Variables
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Graphs 4: FEVD for Export Variables (Continued)
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Graphs 4: FEVD for Export Variables (Continued)
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5.3.4 Lag Selection Procedures

In order to set a proper lag structure of the variables and determine the general

idea for the VAR system, we used a different test for each univariate variable. Many test

methods are available for lag selection. The results from various lag selection tests on

each variable are shown in Appendix E. Our test shows that the suggestions of lag

structure in AlC and SIC are quite different. In general, AIC suggests longer lag structure

than SIC does. We also tested multivariate AIC and SIC with the patterns of lag length

being similar to the univariate case. In the multivariate test, results from AIC suggest

longer lags than that of SIC. Also, the differences between those criteria are sizable.

Selecting an optimal lag can be arbitrary since different criteria do not always

suggest one and only one optimal lag. Thus, we decided to use a reduced lag structure

model to determine the optimal lag structure. We start from the longest lag possible, 17

lags, and test for the reduced lag structure. Likelihood test can be used to test whether the

last lag in the model is zero. If the last lag is not significantly different from zero, we drop

the last lags and test until the last lag is significantly different from zero. By doing this

process, we can find a lag structure in which the last lag is significantly different from

zero.

Table 13 shows the test results for selecting the optimal lag of each industry. From

the table, we can see the VAR structure is quite large. In this structure, adding additional

lag will quickly eat up degrees of freedom. All industries have optimal lags between 11
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and 16. Even if we found optimal lag in each industry from the reduced lag test, we tested

4 different lag structures, which covers most ofthe plausible lags.
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Table 13. Lag Selection by Reduced Lag Structure

Illdu."ItrylLag 11 12 13 14 15 16 17

Statistics 58.685 20.815 33.779 29.357 33.129 24.249
31

Significance 0.000 0.703 0.113 0.249 0.128 0.505

Statistics 56.240 26.022 32.742 21.354 28.439
32

Significance 0.000 0.406 0.138 0.673 0.28

Statistics 69.347 35.911 25.754 16.871 19.529 24.974
33

Significance 0.000 0.073 0.421 0.886 0.771 0.464

Statistics 43.926 23.260 26.660
34

Significance 0.011 0.562 0.373

Statistics 38.558 30.757 27.113 31.965 22.389 24.902
35

Significance 0.041 0.197 0.350 0.159 0.613 0.46

Statistics 36.970 29.289 31.403
36

Significance 0.058 0.252 0.176

Statistics 35.625 19.483 14.904
37

Significance 0.077 0.773 0.944

Statistics 37.770 32.390 27.789 22.692 16.925 25.230 28.971
381

Significance 0.049 0.147 0.318 0.596 0.884 0.450 0.265

Statistics 41.913 31.176 36.176
382

Significance 0.018 0.183 0.069

Statistics 48.855 36.796
383

Significance 0.003 0.060

Statistics 55.141 25.264 27.599 29.899 28.230
384

Significance 0.000 0.448 0.327 0.228 0.297

Statistics 53.919 21.501 31.132 23.817 31.712
385

Significance 0.001 0.664 0.185 0.530 0.167
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5.3.5 Causality Test

Wald tests reported in this research are divided into two categories, according to

the characteristics of the data. In our analysis, most of the data series have unit root, as

can be seen in Tables 11 and 12. We could solve the unit root problem by the first

differentiation of the data, making the maximum order of integration one. However, we

ran both of the causality tests -- one is the case of1(0) and the other is the case of1(1) -- in

order to assure stability of the results. However, since most of these data have unit root,

when there exists a large conflict between 1(0) and 1(1), we will support the result from

1(1). A core idea of the LA-VAR model is to over-fit the model by maximum order of

integration in the causality test. The results of the Wald tests in each industry are

composed of two cases, 1(0) and 1(1). The number in parenthesis in the test of 1(1)

indicates that the data are assumed to be integrated at that number order. For example,

11 (1) indicates that we used 11 lags and its integration order is one. In testing causal

direction from export to productivity, we did not find any theoretical justification that ER

affects productivity. Thus, we tested causality from export to productivity with and

without restriction on the ER variable.

Generally speaking, in the test of export to productivity causality, there is a

tendency to reject the null of non-causality at the longer lags while shorter lags tend to

accept the null hypothesis. This trend is stronger in the test of 1(0) and weaker in the test

of1(1). However, this tendency is less in the test of causal direction from productivity to

export. In the light manufacturing industries (industry 31 to industry 34), we could find
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causality in shorter lags and non-causality in the longer lags. Test of causal direction from

export to productivity shows that there are more industries that demonstrate causality in

the light-manufacturing sector than the industries in the heavy manufacturing sector.

However, in the test of causality from productivity to export, causality can be found more

in the industries in heavy manufacturing than those in light manufacturing.

Because of the complexity of the test results, they can be interpreted in many

ways. We decided to categorize them into the groups: 1) which provide stable causality,

2) which do not offer stable result, and 3) in which causal direction changes as the lag

structure changes. In interpreting the results, cautious measures should be taken because

of the instability with different lag structure in some industries. We limit our focus to the

industries that have stable causal directions, both industries with causality and with non

causality. Our results will be very conservative since we only interpret the industries that

have clear causal direction. Note that it is less likely to have causal direction from export

to productivity since this has to satisfy all four tests, compared with two tests in causal

direction from productivity to export. Much to our relief, only a few industries' test result

shows sensitivity to lag structure as well as the order of integration. The sensitivity in this

research is far less than in other research, such as Shan and Sun (1998). In some aspect,

researchers cannot avoid this type of sensitivity problem.

We begin with the productivity to export causality test in the case of 1(0). In the

test of causal direction from productivity to export, Table 14 shows that most of the

industries support the existence of causality. Most of 12 manufacturing industries support

the causal direction from productivity to export and the results are more stable than those
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from export to productivity. Only industry 381 showed instability and industry 384

showed noncausality. With industry 381 we cannot reject the null in a short lag structure,

but can reject the null in the longer lag structure. However, even though it cannot reject

the null, the test statistic is relatively significant. Thus, we could not draw any conclusion

from the causality test in the industry. Industry 384 shows we cannot reject the null in

most of the lag structure, except lag 16. This is the only industry that shows strong

noncausa1ity in the productivity to export causality test. Industry 385 shows instability. It

can reject the null in shorter lag length, but cannot reject the null in longer length.

Industries 31, 32, 33, 34, 35, 37, 382 and 383 show stabilities in all tested lag structures

and support the causality. Despite the fact that industries 32, 33 and 34 show non

causality at the 95% confidence level in lag 16, considering the marginality of the p

values, we can cautiously conclude that these three industries also could reject the null of

non-causality. Also, industry 36 could not reject the null at 4-lag structure while other

lags could reject the null hypothesis. Considering the optimal lag structure of the industry,

which is 15, we could cautiously say that the industry could reject the null hypothesis

overall.

Next, we tum our attention to the analysis of causal direction from export to

productivity in the case of restriction on the ER variable. Tables 15 and 16 show the

results from the causality tests, with and without restriction on ER, in the case of1(0). In

industry 31, tests with no restriction show that we can reject the null hypothesis of non

causality from export to productivity at the 95% confidence level. Wald test shows that

we can reject the null of non-causality strongly and the result does not change with the
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different lag structure. In the test with restriction on ER variable, we could not reject the

null of non-causality in the 4-lag structure. However, considering the optimal lag length

for the industry, which is 12, and the other lag structures strongly support the causality,

weak non-causality in lag 4 could be cautiously overlooked. The test result of industries

32, 33 and 34 are almost identical. They all could reject the null of non-causality in both

the restricted and umestricted case. Test results show strong support in causal direction

from export to productivity in all light manufacturing industries.

However, test results from heavy manufacturing industries showed. sensitivity in

lag structure regardless of restriction on the ER variable. The umestricted causality test

from export to productivity in industry 35 showed that, in most of the lag structure, we

cannot rej ect the null hypothesis. Considering the optimal lag length is 12 and all other

lag structures support the noncausality, we can cautiously claim that there is no causal

direction from export to productivity in the case of 1(0) with no restriction on the ER

variable. When there is restriction on the ER variable, we are more comfortable to choose

the existence of causality due to the neighboring lags' statistically significant level. The

industry is the only one that changed appreciably with the restriction on the ER variable.

Industry 36 displayed fairly stable test results showing there exists causal direction from

export to productivity in both cases, with and without restriction on the ER variable.

Industry 37 and 381 showed test results that are very sensitive to lag structure. Analysis of

these industries in both restricted and umestricted causality tests, in the case of1(0), show

that they cannot reject the null in the lower lag structure while they are able to reject the

null in the high lag structure. Some industries may require longer time for the economic

- 118-



variables to interact with each other. Study of industry 383 shows the same pattern as

industry 35. While, the unrestricted test shows strong acceptance of the null hypothesis,

except with lag 16, restriction of the ER variable made it possible to reject the null

hypothesis. Industry 384 shows high sensitivity to lag structure in which the significance

level in different lags changed drastically, making it difficult to draw any conclusion from

the industry. However, we are inclined not to reject the null of non-causality since most

of the lags show high p-values. Industry 385 shows a very stable result. In all lags in both

restricted and unrestricted test, we can reject the null hypothesis for the industry.
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Table 14. Causality from Productivity to Export-f(O)

IndustrylLag 4 8 12 16

Statistics 8.187 6.829 3.515 3.676
31

Significance 0.000 0.000 0.000 0.000

Statistics 3.847 2.942 3.313 1.842
32

Significance 0.006 0.005 0.001 0.051

Statistics 4.095 4.407 2.712 1.791
33

Significance 0.004 0.000 0.004 0.060

Statistics 5.158 4.009 2.234 1.721
34

Significance 0.001 0.000 0.018 0.073

Statistics 4.305 2.430 2.299 2.575
35

Significance 0.003 0.019 0.015 0.006

Statistics 1.676 2.237 2.707 2.904
36

Significance 0.160 0.031 0.004 0.002

Statistics 3.184 4.728 3.282 4.024
37

Significance 0.016 0.000 0.001 0.000

Statistics 1.693 1.725 2.605 2.044
381

Significance 0.129 0.149 0.013 0.032

Statistics 2.900 3.049 2.859 3.869
382

Significance 0.025 0.004 0.003 0.000

Statistics 3.016 3.141 5.086 5.580
383

Significance 0.021 0.003 0.000 0.000

Statistics 0.614 0.561 1.377 4.203
384

Significance 0.654 0.807 0.196 0.000

Statistics 2.292 3.554 1.259 1.310
385

Significance 0.063 0.001 0.261 0.228
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Table 15. Causality from Export to Productivity-frO):
No Restriction on ER Variable

IndustrylLag 4 8 12 16

Statistics 1.263 2.834 4.175 7.024
31

Significance 0.269 0.001 0.000 0.000

Statistics 2.060 2.159 2.219 1.985
32

Significance 0.045 0.011 0.005 0.014

Statistics 2.047 2.971 4.220 6.485
33

Significance 0.046 0.000 0.000 0.000

Statistics 2.039 4.641 3.821 5.373
34

Significance 0.047 0.000 0.000 0.000

Statistics 1.489 2.343 2.326 3.585
35

Significance 0.168 0.006 0.003 0.000

Statistics 1.364 2.460 2.789 2.441
36

Significance 0.219 0.004 0.000 0.002

Statistics 0.937 1.115 1.773 2.944
37

Significance 0.488 0.352 0.032 0.000

Statistics 0.595 0.991 1.722 2.284
381

Significance 0.781 0.473 0.040 0.004

Statistics 1.557 2.006 2.569 3.297
382

Significance 0.145 0.020 0.001 0.000

Statistics 1.495 3.677 3.080 4.039
383

Significance 0.166 0.000 0.000 0.000

Statistics 1.481 0.515 0.956 2.216
384

Significance 0.171 0.934 0.530 0.006

Statistics 2.096 3.343 2.945 2.561
385

Significance 0.041 0.000 0.000 0.001
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Table 16. Causality from Export to Productivity-I(O)
With Restriction on ER Variable

IndustrylLag 4 8 12 16

Statistics 2.478 3.598 4.619 6.153
31

Significance 0.048 0.001 0.000 0.000

Statistics 3.747 3.210 2.490 2.064
32

Significance 0.007 0.003 0.008 0.026

Statistics 2.407 3.519 3.944 7.286
33

Significance 0.053 0.001 0.000 0.000

Statistics 2.320 5.923 4.778 7.482
34

Significance 0.061 0.000 0.000 0.000

Statistics 0.946 1.466 1.448 2.281
35

Significance 0.440 0.180 0.164 0.014

Statistics 1.364 2.575 3.322 2.602
36

Significance 0.251 0.014 0.001 0.005

Statistics 0.655 1.113 1.746 3.743
37

Significance 0.624 0.361 0.074 0.000

Statistics 0.745 0.544 2.035 2.679
381

Significance 0.563 0.821 0.033 0.004

Statistics 1.517 1.698 2.708 3.766
382

Significance 0.201 0.108 0.004 0.000

Statistics 0.819 1.417 1.252 2.246
383

Significance 0.516 0.199 0.266 0.015

Statistics 1.061 0.803 1.508 2.658
384

Significance 0.379 0.601 0.141 0.004

Statistics 3.638 5.064 4.151 3.382
385

Significance 0.008 0.000 0.000 0.000
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Looking at the causality test in the case of 1(1), we found similar results to the

case of1(0). Test results of causal direction from productivity to export in the case of1(1)

are shown in Table 17. In the test of light manufacturing industries, test results show that

we can reject the null of non-causality in all four industries. Even though lag 7 in industry

32 and lag 3 in industry 34 show differently, we can cautiously ignore the result because

of the marginality of the p-value and the significance levels of other lag structures.

Industries 35, 37, 381 and 382 show stability in lag structure and all of them can reject the

null of non-causality. In industry 36, the result is unclear. In spite of the fact that the

neighboring lags show causality, lag 11 cannot reject the null. Since lag 11 is close to the

optimal lag, which is 15, we are hesitant to conclude that the industry does not have

causal direction from productivity to export. Test of industries 384 and 385 show that

they do not have causal direction from productivity to export in case of 1(1). Both of the

industries could not reject the null hypothesis.

Test of causal direction from export to productivity in case of 1(1) with no

restriction is shown in Table 18. When there is no restriction on ER, 1(1) test shows that

the light-manufacturing sector could reject the null hypothesis. Even though 4 lag

structure in industry 31 and 34 could not reject the null hypothesis, we can cautiously

overlook this non-causality because of the fact that test results of other lag structures are

statistically significant and the optimal lag structure of these industries are 12 and 15,

respectively. Industries 32 and 33 could reject the null in all lag structures. In the test of

industry 35 we cannot reject the null hypothesis. The significance level in the optimal lag,

which is 12, and other lower lag structures have provided the clues. By the same
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reasoning as the above cases with the light manufacturing industry, we can cautiously

overlook this non-causality at lag 4 in industry 36 since the suggested optimal lag

structure in the industry is .15. In industry 37, it is difficult to choose one over the other.

While near the optimal lag suggesting the existence of causal direction, other lags suggest

otherwise. Industry 381 also suggests an inconclusive result. Test of the lower lag

structure suggests that we cannot reject the null, while test of the higher lag structure

suggests the existence of causality. Due to the marginality of the significance level in lag

3(1) and 7(1), we can cautiously conclude that we can reject the null hypothesis in

industry 382. In industry 383, it is difficult to draw a conclusion. While proximity to the

optimal lag, lag 16, would suggest the existence of causal direction, other lags suggest

otherwise. Industry 384 cannot reject the null hypothesis since the test returned a

significantly high p-value at all lag structures. Industry 385 could reject the null in all lag

structures.

The test of causal direction from export to productivity in the case of 1(1) with

restriction is shown in Table 19. When there is a restriction on ER, 1(1) test shows that

the light-manufacturing sector could reject the null hypothesis, the same as the case

without restriction. Even though 4 lag structure in industry 31 and 34 could not reject the

null hypothesis, we can overlook this non-causality for the same reason that we did in the

case without restriction in 1(1). Industry 32, 33, and 34 could reject the null in all lag

structure. Restriction on the ER variable did not change the outcome at all in light

manufacturing industries in the case of1(1).
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When there is a restriction on ER, industry 35 could not reject the null

hypothesis. This is different from the result when there is no restriction. Restriction on the

ER variable changed the result from existence of causality to nonexistence of causality. In

industry 36, we can reject the null and restriction did not change this outcome. In

industries 37 and 381, the shorter lag structure suggests non-causality and the longer lag

structure suggests causality. Even though the optimal lag is long, we are not comfortable

to conclude causality because other lags strongly suggest that the null could not be

rejected. These industries were invariant to restriction on the ER variable. In industries

382 and 383 we can reject the null hypothesis. In industry 384 we cannot reject the null in

all lags except 15(1). It is obvious that we can reject the null in industry 385 and

restriction on ER did not have any effect on the result.
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Table 17. Causality from Productivity to Export-I(l)

IndustrylLag 3(1) 7(1) 11(1) 15(1)

Statistics 5.282 7.505 3.532 3.725
31

Significance 0.002 0.000 0.001 0.000

Statistics 2.499 1.653 2.195 2.778
32

Significance 0.007 0.181 0.041 0.004

Statistics 2.506 3.496 2.840 1.660
33

Significance 0.062 0.002 0.004 0.091

Statistics 1.559 5.240 3.205 2.337
34

Significance 0.116 0.002 0.004 0.016

Statistics 4.260 1.859 2.374 2.708
35

Significance 0.007 0.085 0.014 0.004

Statistics 3.040 2.168 1.341 2.942
36

Significance 0.001 0.095 0.240 0.003

Statistics 5.460 4.139 4.649 3.576
37

Significance 0.000 0.008 0.000 0.000

Statistics 2.509 2.278 2.953 2.230
381

Significance 0.009 0.083 0.008 0.021

Statistics 3.172 2.259 3.444 3.014
382

Significance 0.001 0.085 0.002 0.002

Statistics 5.921 5.182 2.644 3.721
383

Significance 0.000 0.000 0.015 0.OL3

Statistics 4.861 0.718 0.621 1.263
384

Significance 0.000 0.543 0.737 0.263

Statistics 1.010 1.264 1.407 3.992
385

Significance 0.449 0.256 0.244 0.001
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Table 18. Causality from Export to Productivity- 1(1):
No Restriction on ER Variable



Table 19. Causality from Export to Productivity- /(1):
With Restriction on ER Variable

IndustrylLag 3(1) 7(1) 11(1) 15(1)

Statistics 1.705 3.084 4.066 6.814
31

Significance 0.125 0.001 0.000 0.000

Statistics 2.447 1.697 1.914 1.950
32

Significance 0.029 0.068 0.021 0.018

Statistics 2.090 3.331 3.840 6.398
33

Significance 0.059 0.000 0.000 0.000

Statistics 1.098 3.958 3.880 5.491
34

Significance 0.367 0.000 0.000 0.000

Statistics 1.856 1.512 2.387 3.653
35

Significance 0.094 0.121 0.003 0.000

Statistics 1.301 2.766 2.855 2.474
36

Significance 0.262 0.002 0.000 0.002

Statistics 1.157 1.233 1.799 2.790
37

Significance 0.334 0.264 0.032 0.001

Statistics 0.520 1.114 1.777 2.379
381

Significance 0.793 0.355 0.035 0.003

Statistics 1.097 2.048 2.169 2.810
382

Significance 0.368 0.021 0.007 0.001

Statistics 1.283 2.486 3.045 4.024
383

Significance 0.270 0.005 0.000 0.000

Statistics 0.735 0.404 0.957 2.326
384

Significance 0.623 0.971 0.526 0.004

Statistics 2.761 2.751 2.651 2.489
385

Significance 0.015 0.002 0.001 0.002
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5.3.6 Summary and Analysis of Causality Tests

Previous research did not pay much attention to whether the light manufacturing

industry's export spurs more productivity than does the export of the heavy

manufacturing industry, or vice versa. Also, there is little research to explain whether

light manufacturing industry or heavy manufacturing industry has stronger causal

direction from productivity to export. The issues are: whether there is any difference in

productivity level between the exporter and non-exporter, whether there is convergence in

the productivity level, whether the economy is efficient, and whether there is a long run

productivity difference between the exporter and non-exporter. Another issue is to

understand the importance of the role of government in the productivity and export

relationship.

In Table 20, we summarized the result of our test, showing that we have bi

directional causality in the light manufacturing sector and mixed results of the causal

direction in the heavy manufacturing sector.

First, consider the industries that show clear causal direction from productivity to

export. In spite of the fact that we cannot reject the null hypothesis in a couple oflags, we

can claim that there exists causal direction from productivity to export in all light

manufacturing industries, regardless of the characteristics of the data, 1(0) or 1(1). Some

heavy industries such as industry 35, 37, 382, and 383, also show that there is causal

direction from productivity to export.
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Research by Lancaster (1980), Krugman (1984), and Bhagwati (1988) expect

causal direction from productivity to export.38 They found that the Korean manufacturing

sectors have distinctive productivity difference between exporters and non-exporters in

their respective industries. The self-selection in light manufacturing industries could be

found from Aw et al. (1998), showing that exporters in the textile industry have higher

productivity than non-exporters.39 Clerides et al. (1998) and Bernard and Jensen (1996a)

also support the argument by observing that exiting firms from the export market were

the worst performers. Thus, causal direction from productivity to export could be well

expected and our test results from light manufacturing industries confirmed this.

In industry 35, we could reject the null hypothesis in the test of causal direction

from productivity to export. Productivity in the industry is determined by the newness of

the facility. Thus, firms with newer facilities are more prone to export since the products

in downstream are homogenous. In the 1990's, the chemical industry invested in facilities

more than any other manufacturing industry. The self-selection behavior and investment

in new facilities support that export is closely related to productivity in the industry. This

validates the research of Aw et al. (1998) who found that exporters have higher

productivity than non-exporters in the plastics industry.

In industry 36, the domestic market is led by a few big companies and followed

by small companies. Those with excess domestic demand have incentives to expand their

facilities. Firms in the industry may participate in export, not because of their efficiency,

but because of market fluctuation. In the industry, while some products are heavy, such as

cement, others are fragile, such as glass and porcelain. These distinctive characteristics of

- 130-



the products increase the sunken costs, which hinder the firms' engagement in the export

market. This weakens the productivity to export causality.

We can reject the null hypothesis in the test of causal direction from productivity

to export in industry 37. The industry has high index of the sensitivity of dispersion,

which insinuates that it has high backward linkage effect.4o The manufacturing of basic

metal product requires enormous capital investment and the Korean government has been

supportive of the industry. POSCO is the industry leader and has been competitive in the

world market throughout the period of economic development. The dominant effect from

the leader in the industry may have led productivity to cause export. Since the industry's

competitiveness does not come from labor productivity and the market structure does not

indicate a competitive market, the effect of dominant leader market structure must have

prevailed in the end.

We could not draw conclusion from industry 381. In the test of1(0), results were

very sensitive to different lag structure. The products in the industry are made after

receiving an order from the customer and this makes economic activity volatile. The

industry is the only one for which we could not draw any conclusion from our test.

We found that industry 382 has causal direction from productivity to export. The

industry turns out varieties of product in small amount and its market structure is very

competitive in the production of low and medium technology level product. Firms with

higher productivity in the industry are engaging in export and are concentrating on the

product that requires medium level oftechnology.
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In industry 383, our research supports that there exists positive causality from

productivity to export. If one industry has causal direction from productivity to export

rather than export to productivity, it is logical to presume that the industry exports its

products due to high productivity. Major exporters of the industry in Korea are exporters

of semiconductor, TFT-LCD and other technology-intensive products. Due to the

extensiveness of the market for technology-intensive product and the importance of

timing of introduction of new product, firms are encouraged to engage in R&D and adopt

the best technologies. The industry is one of the most active in participating in export.

In industry 384, the surprising result is that there is no causal direction from

productivity to export. In spite of steady growth in the information technology industry

(15.1 % growth in 1991 to 27.8% in 1997), Cho and Bae (2000) found the spillover effect

to be negligible. In spite of being a technology-intensive industry, the technology gap in

the industry between advanced countries and Korea is sizable, even though a couple of

Korean companies lead the world market. The comparative disadvantage of the

technology gap might have affected the result.

In industry 385, the Korean automobile industry has to compete in the world

market since the size of the Korean domestic market is limited. In order for the industry

to compete in the world market, it has to have comparative advantage and adopt new

technology instantly. The Korean automobile industry has thrived with price advantage in

the small passenger car market, but it now endeavors to penetrate the medium to large

passenger car market with a differentiated service policy. However, the industry was
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heavily subsidized by government and, due to high sunken cost in export market,

experience rather than productivity played an important role in the decision to export.

Our tests show that export to productivity causal direction can be found in all of

the light industries and two heavy industries (industry 36, and industry 385). This result

did not change in spite of the restriction of the ER variable and the existence of unit root.

Existence of this causal relationship could come from positive externality spillover,

efficiency gain, or taking advantage of economies of scale.

Light manufacturing industries have a rather straightforward explanation for the

causal direction from export to productivity. Most of the firms in industry 31 are operated

in small scale and the production expansion due to export enables them to operate at a

more efficient scale. In the industry, the economies of scale effect may have dominated

and, as a result, export may have helped to increase productivity. Also, considering the

fact that the market structure for the industry is oligopolistic competition in the Korean

domestic market, expansion of export could help achieve economies of scale and, thus,

productivity growth. Also, severe competition among participants will give a strong

incentive to improve productivity growth as a result of export growth.

Industry 32 maintained the leading position in the total amount of export until

the mid 1980's. Most of the firms in industry 32 started from small companies and their

comparative advantage was not productivity but a price advantage and export activity

could have helped them to invest in the new facilities, which might have helped them to

enhance productivity. The textile industry has been continuously exporting 96% of the

previous year's amount during the 1990's.
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Export amount in industry 33 is very small and the products in the industry do

not have price comparative advantage over the competition such as Indonesia, Malaysia,

and China. When there is no price advantage, those firms with high productivity can

make profit with international trade. The industry has a relatively low production

inducement coefficient, but has a high index of the sensitivity of dispersion. High index

of the sensitivity of dispersion promotes causal direction from export to productivity. Aw

et al. (2001) studied selected manufacturing industries and found that only the firms in

industry 33 showed productivity improvement after they enter the export market, which

explains efficiency gain.

We can also reject the null hypothesis with ease in industry 34. The industry is

capital-intensive, energy-intensive and a pollution-emitting industry. Due to a

requirement for large investment for the automation process, its market structure became

oligopolistic. The industry has a high index of the sensitivity of dispersion, but has

average index of the power of dispersion. In spite of the oligopolistic market structure,

there is no dominating firm in the industry. The high index of the sensitivity of dispersion

and the lack of a dominating firm may have made the industry's export growth cause its

productivity growth.

Heavy manufacturing industries require more complicated explanation in causal

direction from export to productivity. There are several industries that have robust results,

both as to lag structure and characteristics of data, 1(0) or 1(1), in the test of causal

direction from export to productivity. In order to explain the test results ofheavy industry,

we need to add the role of government in Korean manufacturing industries, domestic
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demand, the 'productivity paradox', and the spillover effects of different plant size.

Government subsidy played an important role in Korean firms' decision to be exporters.

In industry 35, with the test of causal direction from productivity to export, we

could reject the null. Aw et al. (1998) found that the learning-by-doing effect could not be

found in the industry in Korean manufacturing. With the expansion of export activity,

excess profit will increase for the firm. There is no incentive for the firm to choose the

most efficient method. This type of competition was promoted and orchestrated by the

Korean government. The industry, especially oil products, did not liberalize the domestic

price until the mid-1990 and, with the management of the government, oil companies did

not have any incentive to choose better technology. This industry is the only industry that

has changed causal direction with the restriction.

Industry 36 is a capital-intensive, energy-intensive and pollution-intensive

industry. However, some products are labor intensive and most firms are operated in

small scale. Most of the products are consumed in the domestic market due to the cost of

transportation and maintenance. Many products in the industry are exported in order to

resolve the imbalance in domestic demand and supply. Market structure in the industry is

either monopoly or oligopoly. However, due to the low self-sufficiency rate, they compete

in the world market. Even though the market is led by a small number of big companies

and followed by many small companies, excess domestic demand creates the incentive to

expand their facilities. Firms in the industry may participate in export not because of their

efficiency but because of market fluctuation in our data period. This explains non

causality from productivity to export and the existence of causal direction from export to
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productivity can be explained by the less-than-optimal size of operations and export of

excess products.

We could not draw a conclusion from industry 37 regarding causal direction

from export to productivity. Manufacturing of basic metal product is closely related to the

construction industry. One of the typical market structures of the industry is that of

oligopoly with small followers. Export volatility is due to foreign economic fluctuations,

which weakens the relationship between export and productivity. Korea has comparative

advantage in the manufacturing of low-grade product and exports to U.S. However, high

grade products are being imported from Japan.

In the analysis of industry 381, we could not draw any conclusion due to

instability to lag structures. We found that industry 382 has causal direction from export

to productivity in most of lags. The industry produces the 'machine that makes machines'

and it is capital-intensive. Since the industry has high forward and backward linkage, it is

reasonable to expect the industry to have causality from export to productivity and our

results confirm the causality.

In industry 383, a causal direction from export to productivity could not be found.

Since the industry is the most technology-intensive, it is a somewhat surprising result. As

KDB (2000) claimed the 'productivity paradox' could be found in Korean high

technology industries. In spite of the continuously decreasing marginal cost and the

existence of network externality in the industry, productivity increase could not be found

in empirical research. In the industry, the effect of ER on productivity and export are

much more significant than in other industries.
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In industry 384, export does not cause productivity. Considering the fact that the

industry is capital-intensive and technology-intensive, it is somewhat surprising it does

not have causality in either direction. Also, considering the fact that, along with industry

383, the industry invests in facilities and R&D more than other manufacturing industries

in the manufacturing sector, we expected the export and productivity causation. However,

the lack of findings in the industry may be explained by the 'productivity paradox'.

In industry 385, export turns out to be helping to promote productivity growth.

The Korean automobile industry exerts itself to catch up with its Japanese and US

counterparts. The Korean shipbuilding industry has been a leader in the world market and

the competition has been tough. The industry also has a small domestic market and must

compete in the world market. Industry 385 has high forward and backward linkage effects

and the positive externality in the industry is deemed to be high. Thus, we could expect

causality from export to productivity in the industry and the result confirms our

presumption strongly. In spite of the same causal result as in the light industries, the

industry seems to benefit more from efficiency gain than from economies of scale. Since

it takes a long time to expand facilities, an increase in export could help productivity

Increase.

From our observation we can conclude that there is bi-directional causality in the

light manufacturing industry, which includes industries 31, 32, 33 and 34. Export-led

growth, which can be translated into the unilateral causality from export to productivity,

could be found in only in industry 36 and 385.
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Table 20: Summary of Causality Test Results

PR~EX EX-~PR

1(0) 1(1) 1(0) 1(1)

\ Restriction
NO NO YES NO YES NO

onER

31 0 0 0 0 0 0

32 0 0 0 0 0 0

33 0 0 0 0 0 0

34 0 0 0 0 0 0

35 0 0 0 X 0 X

36 0 # 0 0 0 0

37 0 0 # # # X

381 # 0 # # # #

382 0 0 # 0 0 0

383 0 0 0 X # #

384 X X X X X X

385 # X 0 0 0 0

*0: Existence ofcausality, X: Non-existence ofcausality, #: Sensitive to lag structure.
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CHAPTER 6

CONCLUSIONS

The export-led growth hypothesis stems from the fact that export can cause

economic growth through various channels. Previous research was based on the analysis

of macroeconomic aspects and those studies have failed to provide an agreeable answer to

the issue ofthe relationship between export and productivity. Using aggregate data for the

analysis could be misleading or be unable to represent true economic behavior in this type

of research. Since most policies are directed to specific industries, industry level analysis

is necessary. Appropriate policies should be industry specific rather than extensive ones

because of the difference in internal and external characteristics of the industries. This

research approached the export-led growth hypothesis by focusing on industry level

analysis.

In the test of causal direction from productivity to export, most of the industries

have clear causality. All light manufacturing industries showed strong causality from

productivity to export. One reason for the causality could be a result from keeping

competitive edge against surging competitions from their Asian counterparts. Also,

compared with that of the heavy manufacturing industries, light manufacturing industries

require less sunken cost for export which will lead us to find better connection from

productivity to export. Another explanation of this causality could come from the fact that

productivity difference between exporter and non-exporter was sizable in Korean light

- 139-



manufacturing industries even though weak network and subcontracting practice hindered

further active participation in export. More productive firms will export and productivity

growth will propel export growth. The existence of this causal direction from productivity

to export will support an explanation that the Korean light manufacturing industries have

started having competitive advantages rather than continuously relying on price

competitiveness. In the test ofheavy industries, industry 35,37,382 and 383 show causal

direction from productivity to export. When the quality is determined by the newness of

facility and the products are standardized, productivity might cause export, as in industry

35. Industry 382 is known as "machine that makes machines" and produces a small

number of products with variety. High productivity will draw larger order from the world

in the industry. Also, when one industry has best in the world and its weight is large

enough, we can expect to see the industry have causal direction from productivity to

export, as in 37 and 383.

In the test of causal direction from export to productivity, all light manufacturing

industries could reject the null hypothesis while only two out of eight heavy industries

could find causal direction from export to productivity. In light manufacturing industries,

they not only show uniform results but also very robust to lag structure. Considering the

extensiveness of lag structures, it is quite stable to have only 3 lags out of 64 behave

differently. However, we could not see the super stability in heavy manufacturing

industries. Light manufacturing industries' exports have been stable, while that of heavy

industries have been unstable. In our test of causal direction from export to productivity,

market structure and scale economy seem to have important implications. Since most of
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the light industry could start from low cost, entry barrier is relatively low and, accordingly,

domestic market is very competitive. Relatively low sunken cost in export should help

light manufacturing firms' to self-select as an exporter. Some research claims that

efficiency gain or the learning-by-doing effect proved to be negligible in overall

manufacturing sector. However, the fact that export enables them to exploit economies of

scale is supported by empirical research and this effect might have dominated.

We found causal direction from export to productivity in industry 36 and 385.

Even though these industries have the same result, the reasons could come from different

sources. Industry 385 has high forward and backward linkage, which will help to explain

the transmission of external effects. Thus, the existence of causality from export to

productivity is rather straightforward. A surprising result comes from industry 36. The

industry is domestic-orientated due to the characteristics of products, which present

obstacles to export. During the data period, especially in the mid-1990s, the industry has

engaged in export in order to solve excess surplus due to economic slowdown in the

domestic market.

The test result shows that industry 383 and 384 do not have causality from

export to productivity. The non-causality could be explained by the 'productivity

paradox'. When an industry faces constant decline in marginal cost, empirical research on

the productivity of the industry will not show an increase in productivity and this

symptom can be found in the high tech industry.

In the test of export-led growth hypothesis, all light manufacturing industries

have bi-directional causality. However, no industries have bi-directional causality in the
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heavy manufacturing sector. While industry 36 and 385 have causality from export to

productivity, industry 35,37,382 and 383 were found to have causality from productivity

to export. Since the export-led growth hypothesis can be defined as unidirectional

causality from export to productivity, only industry 385 and 36 fits into this definition.

Thus, in the study of Korean manufacturing sector, we do not find much evidence to

support the export-led growth hypothesis. In Korean economy, export and productivity

interact with each other to create economic growth in the light manufacturing industries

and causal direction between export and productivity is mixed in heavy manufacturing

industries.

Next question is "what does it take to have causality in the manufacturing

industry?" If we know the exact mechanism of externality transmission we could answer

the question rather easily. However, the externality spillover mechanism is difficult to

understand. Even though the exact route of externality could not be found, this research

found that healthier competition and excellence in the world market support causality.

The Korean government should focus on promoting fair competition in the domestic

market. This will promote self-selection mechanism and force firms to adopt the best

technology available. In macro level policy application, an export promotion policy will

operate in a more efficient manner if the market structure is competitive. Also,

government policy should be focused on the specific nature of the industry rather than

general policy and should be such that it promotes transmission of externality. In the

developing stage, some industries could have been better off with more industry-specific

policy.
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In interpreting the results of our research, some cautious measures should be

taken and some limitations of this research should be acknowledged. Due to a major

change in the categorization of KSIC in the middle of our data period, some industries

may suffer from discontinuation of the data. Even though our research shows stability in

lag structure, time series analysis in this type of research is susceptible to instability due

to selection of different lag structure. Also, another difficulty is that we have different

sources of data. These data sources use different categorization to publish data. Even

though we made efforts to minimize the discrepancy between these two categorizations,

some could not be avoided. Another area of limitation is that our instability or

inconclusiveness stems from the nature of monthly data and the nature of heavy

manufacturing industry. Heavy industry does not necessarily have stable export and

import behavior throughout the data period. Change in export or import amount from one

period to the other was enormous in some months. With a more refined data set and better

methodology, we may be able to reach a more precise explanation of the export-led

growth hypothesis.
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Appendix A
The Trend of SME Policies

YEAR SMALL AND MEDIUM ENTERPRISE (SME) POLICIES

1961 Korea Federation of Small-Medium Business Law

1961 Small-Medium Industry Adjustment Law

1965 Enforcement of Compulsory Lending Ratio

1966 Promulgation of "SME Basic Law"

1967 Small-Medium Enterprise credit Guarantee Policy

1975 Enactment of the SME "Gye-youl-hwa" Promotion Law

1978 Promulgation of SME Promotion Act

1979 Establishment of SME Industry Promotion Corporation

1980 Monopoly Regulation and Fair Trade Law

1981 Promotion ofPurchasing SME Products Law

1984 Fair Subcontracting Act

1985 "Leading Exporting SME's" Policy

1986 Promotion of Parts and Components Supplier Industry

1988
"Technology Advanced SME" and "Technology-Sharing Consortium"

Promotion Policy

1990 Establishment of Structural Adjustment Fund

1995 Allowance of the Large Enterprise's Capital Investment in the SMEs

1996 Establishment of the Administration of SME
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Appendix B
Korea Standard Industrial Classification (6TH revision)

CODE INDUSTRY

15 Manufacture of food products and beverages

16 Manufacture of tobacco products

17 Manufacture of textiles

18 Manufacture of wearing apparel and fur articles

19
Tanning and dressing ofleather; manufacture ofluggage, handbags,

saddlery, harness and footwear

20 Manufacture of wood and ofproducts ofwood and cork, except furniture

21 Manufacture ofpulp, paper and paper products

22 Publishing, printing and reproduction of recorded media

23 Manufacture of cokes, refined petroleum products and nuclear fuel

24 Manufacture of chemicals and chemical products

25 Manufacture of rubber and plastics products

26 Manufacture of other non-metallic mineral products

27 Manufacture ofbasic metals

28 Manufacture of fabricated metal products, except machinery and equipment

29 Manufacture of machinery and equipment

30 Manufacture of office, accounting and computing machinery

31 Manufacture of electrical machinery and apparatus

32 Manufacture of radio, television and communication equipment and apparatus

33 Manufacture ofmedical, precision and optical instruments, watches and clocks

34 Manufacture ofmotor vehicles, trailers and semi-trailers

35 Manufacture of other transport equipment

36 Manufacture of furniture

37 Recycling
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AppendixC
Links between KSIC (6th Revision) and HS (Harmonized System)

KSIC HS

0201 0202 0203 0204 0205 0206 0207 0208

0209 0210 0302 0303 0304 0305 0306 0307

0401 0402 0403 0404 0405 0406 0407 0408

0502 0504 0505 0506 0506 0507 0510 0511

0710 0711 0712 0806 0811 0812 0813 0814

0901 0902 0904 1006 1101 1102 1103 1104

1105 1106 1107 1108 1109 1208 1211 1211

1212 1214 1302 1404 1501 1502 1503 1504

1505 1505 1506 1507 1509 1512 1514 1515
15

1516 1517 1521 1522 1601 1602 1603 1604

1605 1701 1702 1702 1702 1703 1704 1802

1803 1804 1805 1806 1901 1902 1903 1904

1905 2001 2002 2003 2004 2005 2006 2007

2009 2101 2102 2103 2104 2105 2106 2201

2202 2203 2204 2205 2206 2207 2208 2209

2209 2301 2302 2303 2304 2305 2306 2307

2309 2501 2915 2922 3505 4101 4102 4103

4301

16 2401 2402 2403
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Appendix C (Continued)
Links between KSIC (6th Revision) and HS (Harmonized System)

KSIC HS

5002 5003 5004 5005 5006 5007 5101 5103

5104 5105 5106 5107 5108 5109 5110 5111

5112 5113 5202 5203 5204 5205 5206 5207

5208 5209 5210 5211 5212 5301 5302 5303

5304 5305 5306 5307 5308 5309 5310 5311

5401 5402 5403 5406 5407 5408 5506 5507

5508 5509 5510 5511 5512 5513 5514 5515

5516 5601 5602 5603 5604 5605 5606 5607
17

5608 5609 5700 5701 5702 5703 5704 5705

5801 5802 5803 5804 5805 5806 5807 5808

5809 5810 5811 5901 5902 5903 5907 5908

5909 5910 5911 6001 6002 6002 6101 6102

6103 6104 6105 6106 6107 6108 6109 6110

6111 6112 6114 6115 6116 6117 6205 6206

6301 6302 6302 6303 6304 6305 6306 6307

6308 6505 7019 8804 9404

4203 4302 4303 4304 6101 6102 6103 6104

6105 6106 6107 6108 6109 6110 6111 6112

6113 6114 6116 6117 6118 6201 6202 6203
18

6204 6205 6206 6207 6208 6209 6210 6211

6212 6213 6214 6215 6216 6217 6503 6504

6505 6506

4104 4105 4106 4107 4108 4109 4110 4111

19 4201 4202 4202 4204 4205 6401 6402 6403

6404 6405 6406 6602 9113 9605
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Appendix C (Continued)
Links between KSIC (6th Revision) and HS

KSIC HS

4401 4403 4405 4406 4407 4408 4409 4410

4411 4412 4413 4414 4415 4416 4417 4418
20

4419 4420 4421 4501 4502 4503 4504 4601

4602

3804 4701 4702 4703 4704 4705 4706 4801

4802 4803 4804 4805 4806 4807 4808 4809
21

4810 4811 4812 4813 4814 4815 4816 4817

4818 4819 4820 4821 4822 4823 5905

4901 4902 4903 4904 4905 4907 4908 4909
22

4910 4911 8442 8524

23 2704 2706 2710 2711 2712 2713 2844 8401
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Appendix C (Continued)
Links between KSIC (6th Revision) and HS

KSIC HS

1518 1520 2501 2503 2707 2708 2801 2802

2803 2804 2805 2806 2806 2807 2808 2809

2810 2811 2812 2813 2814 2815 2816 2817

2818 2819 2820 2821 2822 2823 2824 2825

2826 2827 2828 2829 2830 2831 2832 2833

2834 2835 2836 2837 2838 2839 2840 2841

2842 2843 2845 2845 2846 2847 2848 2849

2850 2851 2901 2902 2903 2904 2905 2906

2907 2908 2909 2910 2911 2912 2913 2914

2915 2916 2917 2918 2919 2921 2922 2923

2924 2925 2926 2927 2928 2929 2930 2931

2932 2933 2934 2936 2937 2938 2939 2940

24 2941 2942 3001 3002 3003 3004 3005 3006

3101 3102 3103 3104 3105 3201 3202 3203

3204 3206 3207 3208 3209 3210 3211 3212

3213 3214 3215 3301 3302 3303 3304 3305

3306 3307 3401 3402 3403 3404 3405 3407

3501 3502 3503 3504 3505 3507 3601 3602

3603 3604 3701 3702 3703 3707 3802 3803

3805 3806 3807 3808 3809 3810 3811 3812

3813 3814 3815 3817 3818 3819 3820 3821

3822 3823 3824 3901 3902 3903 3904 3905

3906 3907 3908 3909 3910 3911 3912 3915

4402 5402 5403 5404 5405 5501 5502 5503

5504 5505 8523
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Appendix C (Continued)
Links between KSIC (6th Revision) and HS

KSIC HS

3916 3917 3918 3919 3920 3921 3922 3923

3924 3925 3926 4003 4005 4006 4007 4008
25

4009 4010 4011 4012 4013 4014 4015 4016

4017 5906 8547 9405 9406

2518 2520 2522 2523 2715 2818 3801 3816

3824 6801 6802 6804 6805 6806 6807 6808

6809 6810 6811 6812 6813 6814 6815 6901

26 6902 6903 6904 6905 6906 6907 6908 6909

6910 6911 6914 7001 7002 7003 7004 7005

7006 7007 7008 7009 7010 7011 7012 7014

7015 7016 7017 7018 7019 8546 8547 9405

2818 7106 7107 7108 7109 7110 7111 7115

7201 7202 7203 7205 7206 7207 7208 7209

7210 7211 7212 7213 7214 7215 7216 7217

7218 7219 7220 7221 7222 7223 7224 7225

7226 7227 7228 7229 7301 7302 7303 7304

7305 7306 7307 7407 7408 7409 7410 7411
27

7412 7501 7502 7504 7505 7506 7507 7601

7603 7604 7605 7606 7607 7608 7609 7801

7803 7804 7805 7901 7903 7904 7905 7906

8001 8003 8004 8005 8006 8101 8102 8103

8104 8105 8106 8107 8108 8109 8110 8111

8112 8113
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Appendix C (Continued)
Links between KSIC (6th Revision) and HS

KSIC HS

7308 7309 7310 7311 7312 7313 7314 7315

7316 7317 7318 7319 7320 7322 7323 7324

7325 7326 7413 7414 7415 7416 7418 7419

7508 7610 7611 7612 7613 7614 7615 7615

28 7616 7619 7806 7907 8007 8201 8202 8203

8204 8205 8207 8208 8209 8210 8211 8212

8213 8214 8215 8301 8302 8303 8304 8305

8306 8307 8308 8309 8310 8311 8401 8402

8403 8404 8409 8483 8485 8608 9307 9406

6301 6516 7315 7321 7322 7417 8401 8403

8405 8406 8407 8408 8410 8411 8412 8413

8414 8415 8416 8417 8418 8419 8420 8421

8422 8423 8424 8425 8426 8427 8428 8429

8430 8431 8432 8433 8434 8435 8436 8437

8438 8439 8440 8441 8442 8443 8444 8445

29 8446 8447 8448 8449 8450 8451 8452 8453

8454 8455 8456 8457 8458 8459 8460 8461

8462 8463 8464 8465 8466 8467 8468 8474

8475 8476 8477 8478 8479 8480 8481 8482

8483 8484 8485 8508 8509 8510 8514 8515

8516 8701 8704 8709 8710 8711 8716 9301

9301 9302 9303 9304 9305 9306 9447

30 8443 8469 8470 8471 8472 8473 9009

8501 8502 8503 8504 8505 8506 8507 8511

31 8512 8513 8530 8531 8535 8536 8537 8538

8539 8543 8544 8545 8546 8547 8548 9006 9405
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Appendix C (Continued)
Links between KSIC (6th Revision) and HS

KSIC HS

8473 8517 8518 8519 8520 8521 8522 8523

8524 8525 8527 8528 8529 8532 8533 8534
32

8540 8541 8542 9013 9024 9025 9026 9027

9029 9030 9031

8419 8526 9001 9002 9003 9004 9005 9006

9007 9008 9010 9011 9012 9013 9014 9015

9016 9017 9018 9019 9020 9021 9022 9024
33

9025 9026 9027 9028 9029 9030 9031 9032

9033 9101 9102 9103 9104 9105 9106 9107

9108 9109 9110 9111 9112 9113 9114 9402

8407 8408 8409 8701 8702 8703 8704 8705
34

8706 8707 8708 8709 8716

8407 8409 8411 8412 8601 8602 8603 8604

8605 8606 8607 8608 8711 8712 8713 8714
35

8716 8801 8802 8803 8805 8901 8902 8903

8904 8905 8906 8907 8908

3406 3605 3606 4203 4206 5904 6601 6602

6603 6701 6702 6703 6704 7101 7102 7103

7104 7105 7113 7114 7115 7116 7117 7118

8310 8715 9023 9201 9202 9203 9204 9205

36 9206 9207 9208 9209 9303 9401 9403 9404

9501 9502 9503 9504 9505 9506 9507 9508

9601 9602 9603 9604 9606 9607 9608 9609

9610 9611 9612 9613 9614 9615 9616 9617

9618 9705

Source: National Statistics Office, Korea
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AppendixD
Autocorrelation Function and Partial Autocorrelation Function
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Appendix D (Continued)
Autocorrelation Function and Partial Autocorrelation Function
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Appendix D (Continued)
Autocorrelation Function and Partial Autocorrelation Function
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Appendix D (Continued)
Autocorrelation Function and Partial Autocorrelation Function
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Appendix D (Continued)
Autocorrelation Function and Partial Autocorrelation Function
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Appendix D (Continued)
Autocorrelation Function and Partial Autocorrelation Function
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Appendix D (Continued)
Autocorrelation Function and Partial Autocorrelation Function
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AppendixE
Suggested Lag from Various Test

AIC SIC LM G-S LB

ER 2 2 2 10 2

TPR 13 5 7 13 11

PR31 13 13 13 13 13

PR32 12 5 5 12 12

PR33 5 5 5 5 5

PR34 10 2 8 10 10

PR35 11 2 2 11 13

PR36 13 13 7 13 13

PR37 7 2 2 7 5

PR381 13 1 7 13 13

PR382 11 3 11 11 13

PR383 13 1 3 13 11

PR384 4 3 3 3 1

PR385 12 4 4 12 4

EX31 13 13 8 13 13

EX32 13 13 13 13 13

EX33 13 13 3 13 13

EX34 13 1 12 13 13

EX35 13 3 4 13 13

EX36 3 3 3 13 3

EX37 13 13 4 13 13
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Appendix E (Continued)
Suggested Lag from Various Test

AIC SIC LM G-S LB

EX381 7 5 4 5 6

EX382 13 13 5 13 13

EX383 13 13 12 13 13

EX384 12 2 2 12 12

EX385 13 13 2 13 13

IM31 13 2 2 13 13

IM32 13 1 3 13 13

IM33 13 1 13 13 13

IM34 4 3 2 13 13

IM35 2 2 1 2 2

IM36 3 1 3 13 10

IM37 4 2 1 13 3

IM381 3 3 2 3 3

IM382 2 1 1 9 1

IM383 13 3 3 13 13

IM384 13 3 3 13 11

IM385 4 3 2 4 3

* AlC (Akaike Information Criterion), SIC (Schwartz Information Criterion), LM
(Lagrange Multiplier), G-S (General to Specific), LB (Ljung Box)
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Notes

1 Some suggest bi-directional causality between export growth and economic growth. See Jin
(1995) and Bahmani-Oskooee and Alse (1993).

2 Kojima (2000), Yamajawa (1990), and Chou and Shy (1991) argue that the technological gap
can be closed in finite time frame and catch up is possible.

3 Also, refer to Amsden (1989), Wade (1990), White (1988), Cho and Kim (1994).

4 For example, with the domestic firm's entrance into the PC (Personal Computer) market, the
Korean government restricted FDI (Foreign Direct Investment) in the PC industry by foreign
firms and the quantitative restrictions were imposed. Government used various types of
protective industrial policies throughout the economic development.

5 From 1967 to 1971, the Korean government enacted laws for the promotion of various heavy
industries. Those acts include Machinery Industry Promotion Act, 1967; Shipbuilding Industry
Promotion Act, 1967; Electronics Industry Promotion Act, 1969; Iron and Steel Industry
Promotion Act, 1970; Petrochemical Industry Promotion Act, 1970; Non-metallic Mineral
Manufacturing Promotion Act, 1971.

6 In the 1980's, "Korea Heavy Industrial Company" was established by a joint venture of Korean
Industrial Bank and Korean Exchange Bank in order to unify the electric power plant industry.
Also, government allocated specific concentration within the automobile industry, such as
passenger car to Hyundai Motor Company and Saehan Motor Company; commercial vehicle
production was allocated to Kia Motor Company.

7 This section is based on the various reports including "Sanop Report" by Korea Development
Bank.

8 In the 1999 issue of "Sanop Report" the increase in the 1% of import price, manufacturing cost
increases 0.01-0.86.

9 They are Hyosung, Hanhwa, Kumho Petrochemical, LG Chemical, SK, Honam Petrochemical,
Samsung Chemical, and Hyundai Petrochemical.

10 It is because of the liberalization of investment that lifted entry barrier on petrochemical
industry in 1990.

11 Government levies tax on gasoline in order to solve traffic congestion problem. Structure of
gasoline tax in April 1999 was as follows: before tax (204 Won), traffic tax (691Won), education
tax (103 Won), and other taxes (99 Won).

12 Dell uses build-to-order (BTO), Compaq uses 'Build for You', and ffiM uses 'Channel
Building Product' methods to reduce inventory cost as well as marketing cost. The industry has
been one of the fastest growing industries.
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13 This includes Basic steel, Chemical, Electrics and Electronics, General Machinery Petroleum,
Non-metallic Ore, Fiber and Leather, Paper and Wooden Product, etc.

14 This includes sales of automobile, parts, maintenance, cleaning, transportation, rent, lease, gas
station, insurance, advertisement, etc.

15 Daewoo acquired Ssang Young in January 1998 and Hyundai acquired Kia in December 1998.
However, Daewoo went bankrupt and is acquired by GM.

16 In order to take full advantage of economies of scale in the industry, on average, more than
300,000 units should be produced in each platform (KDB report).

17 IQS index is the number of defects in three months for the 100 new cars. Automotive News in
1997 shows that the average ofIQS is 81 and Hyundai is 128 (KDB report).

18 Cost can be reduced 9% when production is increased from 50,000 to 100,000 and 13% when
it is increased to 300,000 (KDB report).

19 He suspects that the economic development of other countries on the sample could be achieved
due to the accumulation of human resources and technological progress.

20 We add average working hours and working days per month for the calculation for the
productivity.

21 Due to lack of network and subcontracting Korean manufacturing industry has weaker relation
than that ofTaiwan.

22 See Allen (1997), David (1999), Gordon (1999), and KDB (2000) for further discussion.

23 The issue of whether the variables in VAR need to be stationary exists. Sims (1980)
recommended not differentiate even if the variables contain a unit root. They argue that the goal
of VAR analysis is to determine the interrelationships among the variables, not the parameter
estimate. Sims, however, argues that conventional asymptotic theories cannot be used if the
series are integrated or cointegrated. Most of the scholars' view is that the form of the variables
in the VAR should mimic the true data-generating process.

24 ADF test provides a test of the null of a unit root against the alternative of stationarity, while
Kwiatkowski, Phillips, Schmidt and Shin (1992) test the null of stationarity against the
alternative of a unit root. The main motivation of 'KPSS' test is that null of ADF test, series is
integrated, has lower power in rejecting the null.

25 Engle and Granger, 1987

26 Choosing the one criterion over the other is arbitrary. There also is a criterion available by
Hannan-Quinn (HQ Criterion). Also, Ljung-Box and Lagrange multiplier (LM) test adds lags
until the Ljung-Box test or the Lagrange multiplier test fails to reject no serial correlation of
order at a user defined level or until lag reaches its maximum.
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27 General to simple reduction test starts with maximum lags, and if the null hypothesis that the
final lag is equal to zero can be rejected (significant at the level of significance), that lag length is
chosen. If not, the lag length is continually reduced until either the last included lag is significant
or no lags are included. Look Hendry and Doornik (1994) and Enders (1995) for further research.

28 Granger causality is a weaker condition than the condition for exogeneity. A necessary
condition for the erogeneity of, for example, Zt is for current and past values ofy!> for example, to
not affect Zt.

29 When there is a good reason for the model to be tested with different lag length, use SUR or
near VAR model. See Enders (1995) for the details.

30 KSIC was amended in 1992 and 1993 data was published according to new classification. In
this research we used old classification because there is no way we can convert old classification
to new classification. New classification was adjusted into old classification.

31 Since data for tobacco and tobacco product (KSIC 16) was not available, we used food and
beverage only for the industry 31.

32 Even though 6th revision is new compared to 5th revision, we used new categorization as KSIC
5th and "Old" as KSIC 6th revision for our convenience. For "Old" classification, please refer to
appendix C.

33 Lawrence and Weinstein (1999), also, emphasized the importance of import. He claims that
import is a proponent of competition and great import spurs competition between import product
and domestic product, which can lead to innovation. Thus liberalization itself could lead to
dynamic gain. However, he did not find evidence that export spurs productivity.

34 Balassa-Samuelson hypothesis predicts economic growth with real exchange rate appreciation
due to the productivity difference between trade sector and non-trade sector. However, IRF and
FEVD did not support the relationship between exchange rate and export, except a couple of
industries.

35 R matrix in industry 31,which has 4 variables with 12 lags, is 96 by 192 matrix. Divide the
matrix so that we get 2 by 4 matrix. Sub-matrix SII, and S24 (indicate that 1st row and 1st column,
and 2nd row and 4th column in sub-matrix, respectively) are identity matrix and the others sub
matrix are zero matrix. Each sub-matrix is 48 by 48 matrix.

36 In industry 31, we have four variables with 12 lags (k=12). The column vector vec(BETA) is
transpose of[ DEX31{1} in DEX31, DEX31 {I} in DER, DEX31{1} in DIM31, DEX31{1} in
DPR31, DEX31{2} in DEX31, DEX31{2} in DER, DEX31{2} in DIM31, DEX31{2} in
DPR31, ......., DEX31{12} in DEX31, DEX31{l2} in DER, DEX31{12} in DIM31,
DEX31{12} in DPR31, DER{I} in DEX31, DER{1} in DER, DER{I} in DIM31, DER{1} in
PR31, ......., DER{12} in DEX31, DER{12} in DER, DER{12} in DIM31, DER{12} in DPR31,
DIM31{1} in DEX31, DIM31{1} in DER, DIM31 {I} in DIM31, DIM31{1} in DPR31, ...... ,
DIM31{12} in DEX31, DIM31 {12} in DER, DIM31 {12} in DIM31, DIM31 {12} in DPR31,
DPR31{1} in DEX31, DPR31 {I} in DER, DPR31 {I} in DIM31, DPR31{1} in DPR31, ...... ,
DPR31 {12} in DEX31, DPR31 {12} in DER, DPR31 {12} in DIM31, DPR31 {12} in DPR31]
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37 See Toda and Yamamoto (1995).

38 However, Aw et al. (2000), Pack (1992), Levy and Kuo (1991), and Levy (1991) found that
manufacturing industries in Korea have less productivity-to-export relationship than those of
Taiwan. They argue that Korea manufacturing sector has weaker network and subcontract
practices than that of Taiwan.

39 In their research, only textile and apparel industries were included in the light manufacturing
industry. Other industries were Plastic industry, Electrics equipment industry, and Transportation
industry. Transportation and Plastic industries have high difference in productivity level between
exporters and non-exporters.

40 The industry, however, has low value-added creation coefficient, which indicates the industry
relies on the export of low grades iron product.
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