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This dissertation consists of two papers on International Trade topics. The first

paper addresses the development of trade patterns between countries in

transition and developed economies. The second paper focuses on the

nonparametric estimation of the Knowledge-Capital model of multinationals.

The first paper provides a framework for understanding patterns of trade

between transition countries (TE) and developed countries. An augmented

generalized gravity model is used to compare actual and expected levels of

trade. All standard gravity-type variables are significant and have signs as

expected. Factor endowments play an important role in explaining country trade

flows. In all industries TE exports appear to be less capital- and skill-intensive,

being at the same time more land-intensive compared to TE imports from

developed countries. Skill is one of the most important factors boosting trade

with the developed countries. It has a particularly high effect on export

development in manufactures sectors.

The second paper adopts a very flexible framework of additive

nonparametric regression to obtain new empirical evidence on the knowledge-
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capital (KC) model of multinational activity. Previous empirical studies of the

KC model have relied on a linear parametric specification despite of the highly

nonlinear nature of the model. Results of these studies have produced mixed

evidence on the KC model, mostly stemming from the weak support of its

vertical component. In contrast, our results obtained using a new backfitting

procedure, the local linear smooth backfitting of Mammen et al. (1999), are

largely consistent with theoretical predictions. In particular, the results support

the hypothesis of greater divergence in resource endowments leading to

increased affiliate activity.
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Essays in International Economics

Chapter 1

General Introduction

This dissertation combines two chapters that address two important issues in the field

of International Trade. The goal of this work is to provide new empirical evidence on

the following two topics that have received a great deal of attention among

economists during the last 25 years:

the development of trade patterns in transition countries;

the nature of the relationship between foreign direct investment and

its determinants;

The breakdown of the Soviet system and the integration of the post-Soviet

countries into the world economy has been one of the major events of the past

century. Expansion of trade relations with developed capitalist countries has become

a very important issue in transition countries. The question that has been actively

debated in the economics literature is whether the structure of that trade does (or

will) reflect the true comparative advantage of transition economies vis-ã-vis

developed countries. This issue is addressed in Chapter 2, titled "Trade Patterns in

Transition Economies". In that chapter I employ the generalized gravity model to

analyze trade patterns between transition economies and developed countries. To

perform the analysis, a very extensive data set has been assembled. The data set

spans 7 years in transition (1993 through 1999) and includes 25 countries in

transition (15 republics of the former USSR and 10 post-soviet Eastern and Central

European countries) and 23 developed economies (as listed in the Supplement to the

World Trade Annual, United Nations Statistical Division). The analysis is carried out

on industry level (defined according to the Standard International Trade
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Classification, Revision 2) to provide additional insight into the effects of various

factors on structural composition of trade.

A recent very high rate of increase in the volume of FDI worldwide has been one

of the central topics in the field of International Trade. Numerous studies provide

empirical evidence on the nature of the relationship between the level of
multinational activity and its determinants. However, the results of these studies are

somewhat controversial, leaving room for further research on this topic. Chapter 3 of

this dissertation titled "Estimating the Knowledge-Capital Model: an Additive

Nonparametric Regression Approach" delivers new empirical evidence on the

Knowledge-Capital model of multinational activity using an additive nonparametric

regression model. The results, obtained using the local linear smooth backfitting

estimator, are supportive of the knowledge-capital model.

The last chapter states some general conclusions and comments following from

the empirical studies included in this dissertation.
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Chapter 2

Trade Patterns in Transition Economies

2.1 Introduction

After the collapse of the communist regime in 1991, a wide range of countries in

Eastern and Central Europe and Western Asia began a process of transition from

socialism to capitalism. A very important part of this process was and still is a better

integration into the world economy. Immediately after the disintegration of the

Soviet bloc, traditional trade relations among the former Council for Mutual

Economic Assistance (CMEA) member states collapsed. In the years that followed,

geography and structure of trade patterns in transition economies (TEs) went through

substantial changes. Although, trade relations among post-Soviet economies have

been partially restored, it has become clear that trade within the region will never

reach its former intensity. In the meantime, the expansion of trade relations with

developed industrial countries has become an important issue in all TEs.

As Table 2.2 demonstrates, the development of trade relations with industrial

countries did not have the same scope and speed in all TEs. To understand the

differences in TE trade performance with developed countries, it is crucial to study

factors influencing the pattern of trade between these two sets of countries.

Unfortunately, there is a very limited and rather controversial body of research

analyzing this issue. Partially that is due to data problems specific to TEs, and the

shortness of time elapsed since the beginning of transition. Most papers studying

trade patterns in transition economies concentrate on trade in Central and Eastern

European countries (CEECs), leaving the rest of the region out of consideration. The

former Soviet Union (FSU) republics, particularly the Asian States and the

Caucasian region, have received the least attention.
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The purpose of this chapter is to overcome some of the existing limitations in the

literature by carrying out an extensive analysis of the patterns of trade between TEs

and developed countries. In particular, this chapter focuses on the impact of different

factors on commodity composition of this trade in different stages of transition. This

is done by using the generalized gravity model to perform robust empirical analysis

of the data on trade patterns in a wide range of TEs during 7 years in transition

(1993-1999).

The main hypothesis to be tested in this chapter is the following: most short-term

changes in TE trade patterns have been caused by temporary factors, such as reform

process, past distortions, while more long-term adjustments have been following the

developments in the comparative advantage in the region, and hence are more

sustainable changes. Among long-term factors are: country factor-abundance,

geographic location, negotiation of free trade agreements with partner countries.

The chapter is organized as follows: section 2.2 discusses specifics of trade

relations in TEs before and after the collapse of the communist bloc; section 2.3

reviews literature relevant to the topic; 2.4 summarizes the theoretical foundation for

the gravity equation; section 2.5 derives the empirical model; section 6 contains

details about data used in the study; section 2.7 summarizes the results; section 2.8 is

the conclusion.

2.2 Trade in Eastern Europe and Former USSR: before and after
the Communist Regime

At the beginning of the transition process, more than 400 million people lived in

centrally planned economies covering 23 million square kilometers of land. For

several decades these economies were run mostly by central directives rather than

through a decentralized market mechanism. But by the end of 1991, this situation

had changed dramatically with the fall of the communist bloc. Most Eastern

European nations and the FSU republics had launched economic reforms and started
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the process of transition to market economies. The immediate results of the breakup

of the centrally planned economic system were a very large decline in output and

high inflation in the region. One major reason for difficulties that struck transition

economies was the breakdown of traditional trading relations among them.

During the Soviet period, the communist bloc tried to be self-sufficient in

production. To achieve economies of scale, production was often highly

concentrated geographically, with huge plants to supply goods to enormous market

areas. For example, most tractors for the CMEA members were produced at one

huge Polish factory, most buses were made in Hungary by one large plant, a single

plant in Russia produced almost 60 % of the Soviet Union's automobiles. As a result

of this policy of specialization, trade among Soviet-bloc countries was large.

The Jarge volume of trade within the CMEA nations was managed through

annual central economic plans, specif'ing production and trade levels for most

commodities. Government agencies were setting specific targets for individual

enterprises and factories, together with instructions about to whom they should

deliver the output, and where they should get their inputs. The result of this system

was a complex pattern of trade between enterprises and across space.

In the larger CMEA area, trade was conducted through barter deals negotiated

among national governments. In many cases prices were based on the prices of

equivalent goods traded on world markets. But very often there were no equivalents

because of huge quality differences between Soviet products and their western

versions. In addition, terms of trade were highly influenced by the policy of intra-

regional industrial and military development, which promoted production and trade

of heavy industry, skill- and capital-intensive goods and intermediate inputs. As a

result, trade within the CMEA took place at prices that were very different from

world market prices.

The CMEA trade with the outside world was essentially limited to an exchange

of Soviet raw materials for sophisticated products from developed countries that

could not be produced domestically. For example, Italian machinery and equipment



that was used to manufacture more than half of Soviet automobiles in 1989. Low

quality manufactures produced by communist countries had little demand in

capitalist markets.

After the disintegration of the Soviet bloc, its member-countries faced the

problem of adjustment and reorientation of their trade flows towards the world

market. All TEs experienced a dramatic fall in the level of trade at the start of the

transition. The former USSR republics, where the share of inter-republic trade was

very high, suffered the most from the disruption of traditional trade flows. Decline in

trade in Eastern European countries, caused by the collapse of the CMEA, was

relatively less dramatic, but still sizeable.

As TEs opened up to world trade, they experienced a severely adverse terms-of-

trade shock. Production and exports of goods promoted during the Soviet period

were challenged by competition from better-quality and cheaper foreign substitutes;

at the same time, world prices for inputs were much higher than they were during the

Soviet period. This situation hit particularly hard the TEs that heavily depended on

imported raw materials and had huge specialized plants producing manufactured

products. In the meantime, countries that previously exported raw materials to other

CMEA members (largely the resource-rich areas of the Soviet Union) found

themselves in a favorable position in world markets.

As a result of the disintegration of the CMEA, many TEs lost a substantial

amount of exports that were highly processed and had relatively high technological

content, such as computers, electronics, and machine tools, while increasing shares

of exports of goods with a relatively high resource content, goods that were less

processed and had relatively low potential value-added content (mostly low-skill and

labor-intensive products).

In their attempt to overcome inherited trade distortions all TEs launched an

extensive reformation process. After state monopolies were abolished, quantitative

restrictions on trade were sharply reduced or eliminated for most industrial products,

while tariff barriers were set at low or moderate levels (IMF, 1994). The main aim of
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trade liberalization policy has been to enhance competition from outside, to adapt to

world relative prices, and to stimulate sectoral modernization. Due to an extremely

quick pace of the reforms, the usual pressure groups resisting economic reform were

either nonexistent or virtually ineffective. The lack of strong pressure groups very

early in transition allowed enforcing such a radical trade liberalization policy. Later

on, almost all TEs experienced a wave of emerging resistance by local producers,

which created pressure to increase protection levels. As a result, some TEs

introduced new import quotas, fees, quality controls, and supplementary tariffs.

Nevertheless, the level of trade restrictions in TEs remains at low to moderate

levels'.

Due to an extensive reform process, trade performance in TEs has been slowly

recovering, although with varying speed for different countries. Previous studies

show that success of the reforms in different TEs is strongly correlated with the level

of their integration into the global trading system (Havrylyshiyn and Al-Atrash,

1998). The most significant progress in this aspect has been reached by Hungary,

Poland, the Czech and Slovak Republics, Slovenia, and the Baltic States. All these

countries started as advanced reformers, in a relatively short period of time achieving

high levels of economic openness2, comparable to that of capitalist economies with

similar size and level of development. The success of these countries in the world

market has been reinforced by trade agreements with major trading partners and

regions.

The slower reformers, mostly former USSR republics, excluding the Baltic

States, have made more modest progress in shifting their trade toward world

markets. In 1995, Russia and Ukraine were the most open economies among this

group of countries, while Armenia, Belarus, Georgia, Kyrgyz Republic and

Uzbekistan remained relatively closed.

'See Transition Reports, EBRD, various years.
2

Measured by trade openness as ratio of exports and imports to GDP.



8

The overall picture of trade in TEs before 1989 is one of nations that had closed

themselves off from trade with the outside world while becoming highly dependent

on one another. The structure of trade and the prices at which trade took place were

distorted. After the fall of the Soviet system, the pattern of trade in the region started

to change dramatically. Liberalization of foreign trade in TEs in early stages of their

transformation became the starting point of TE integration into the world economy.

While the process of trade reformation was a necessary factor in the formation of TE

trade relations with industrial countries, it certainly was not the only factor. Resource

endowments, market forces, economies of scale, transport costs and free trade

negotiations are among the other determinants that have been shaping trade

structures between these two regions since the beginning of transition. When

analyzing TE trade patterns, all these factors require careful consideration.

2.3 Literature review

Since the break down of the Socialist bloc many economists have been working in

the field of transition economics studying the development of economic processes in

the region. Trade in transition is a topic that has received a lot of attention by the

researchers.

Because of data and statistical difficulties, development of Eastern European

trade prior to 992 has always been a complicated area for trade analysts. During the

communist period it was due to numerous distortions, mutual trade settlements and

other features characteristic to data on regional trade relations. After the collapse of

the Soviet regime new data problems emerged, connected mainly to the formation of

new states and to changes in systems of statistical reporting in TEs. Hence, early

papers on trade in transition were mostly verbal (descriptive) in nature and did not

offer much statistical analysis to support their findings. Another limitation is that

early literature on trade in transition focuses on one or several CEE countries,



leaving the FSU republics out of the discussion (Baldwin, 1993; Dobrinsky, 1994;

Dominique, 1996; Gacs, 1994; Halpern, 1994).

Early papers on trade patterns in the CEECs were hypothesizing that these

economies had a comparative advantage in production of skill-intensive and high-

tech products (see, e.g., Dobrinsky, 1994; Gacs, 1994; Halpern, 1994; Landesmann,

1994; Neven, 1994; Rosati 1992). This presumption was based on the fact that the

region was relatively well endowed with an educated labor force and spent a high

share of the budget on education. As it turned out, in the first phase of transition the

CEECs tended to export a wide variety of raw materials, natural-resource based

products, and low-technology manufactures. The reduction in the export share of

more advanced (skill- and capital-intensive) goods early in transition was attributed

to numerous demand and supply shocks striking the region. It was expected that in

the long-run the commodity composition of trade in the CEECs would change to

reflect the perceived comparative advantage in skill- and technology-intensive

products, while energy- and material-intensive and labor-intensive sectors would

gradually lose their positions in the exports.

However, the empirical evidence did not support this hypothesis. There had been

no clear tendency to develop exports of more skill-intensive or human-capital-

intensive products. Landesmann (1995) and Dobrinsky (1995) explain this

phenomenon by the fact that TEs have not had enough time since the beginning of

the transition to catch up to their comparative advantage.

An alternative hypothesis about the nature of comparative advantage in TEs has

been proposed by Winiecki (2000). He points out that trade within the CMEA had a

high share of sophisticated goods (mostly, engineering products) only because of

persistent distortions. However, pre-transition exports from the Soviet Bloc to the

developed capitalist countries (referred to as the "West") consisted of less

sophisticated commodities (see Table 2.3), reflecting the comparative advantage of

the socialist countries as more labor, rather than capital-abundant economies vis-à-

vis developed countries. After the fall of the communist system, this trade duality has
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been eliminated and the trade structure in TEs has become very similar to the

composition of pre-transition westbound trade. Winiecki argues that since the new

labor- and natural resource-intensive, low-technology structure of TE exports reflects

the true comparative advantage of TEs, the changes that have taken place are long-

term rather than transitional.

Papers that offer statistical analysis of TE trade data employ different indexes

and measures of country trade composition. One of these tools, which has been used

quite extensively, is the revealed comparative advantage (RCA) index (see, e.g.,

Lowinger et al., 2000; Ferto and Hubbard, 2003). There are different representations

of the RCA index, which are very similar in nature. One of the representations is:

x1 xMM
RCA. (2.1)'(XX

+ M

where X, and M, are exports and imports of products in industry i, X and M are

total country exports and imports, respectively. This measure lies between -1 and I

and equals 0 if the export-import ratio of industry i corresponds to the aggregate

export-import ratio. A positive value for the RCA index is associated with (revealed)

comparative advantage of a country in that sector; a negative value corresponds to

(revealed) comparative disadvantage.

Lowinger (2000) studies the composition and the direction of the CEEC trade

with the Organization for Economic Cooperation and Development (OECD) and

non-OECD countries. Comparing the RCA index values for 1993 for the CEECs and

a group of small Western European countries, he finds that CEEC trade patterns

reveals their relative abundance of labor, raw materials, and energy and their relative

scarcity of human capital and advanced technologies.



The RCA index is a convenient way to describe the actual composition of

country trade and its changes over time; however, it does not offer any explanation

of the observed pattern of trade and its evolution over time.

Rosati (1994) uses the trade coverage ratio3 to study the pattern of specialization

in trade between Poland and the OECD. Sectors with the highest trade coverage

ratios are assumed to be areas of the country's revealed comparative advantage. Data

for 1989-1991 show that Poland's exports to the OECD are relatively unprocessed,

use traditional technologies, have relatively income-inelastic demand, and face

strong competition from developing countries. As a result, the value added potential

of these industries is limited, and growth based on such a trade structure may be

slower than in the OECD. Using a trade similarity (TS) coefficient4 Rosati

investigates if the production potential accumulated in traditional CMEA-oriented

sectors (mostly electro-engineering) can be adapted to the new Western markets. The

results show that structural convergence between Poland's exports to "old" CMEA

markets and "new" OECD markets seems to be very limited.

Rosati (1998) analyzes export and import unit values (defined as the value of

trade flow divided by its unit of measurement) as indicators of a country's advantage

in a given trade category. Ratios of export unit value to import unit value for each

category are studied for CEEC trade with the EU over 1988-1994. Values greater

than one indicate a comparative advantage in a given product category, while values

less than one reflect a comparative disadvantage. Based on this approach, the CEECs

demonstrate a comparative advantage in chemicals, pharmaceuticals and labor-

intensive, low-technology manufactures such as textiles, clothing and footwear. In

more advanced products (SITC groups 76-79) the CEECs have some advantage only

Defined as the proportion of exports of a given sector to imports within the same sector.
Defined as the difference between unity and the sum of squared differences between sectoral exports

shares on the two export markets: TS = 1 [e(j, k) e(j, l)] , where e(j, k) and

e(j, 1) are shares of sector j in total exports to markets k and 1 , respectively. The index takes
values -ito 1, negative values only for extremely disparate structures.
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in motor vehicles and other transport means, while demonstrating a clear

disadvantage in all the other goods in this category vis-à-vis the EU. In addition, the

author finds that this trade pattern does not change much in the first phase of

transition (1991-1994).

The main limitation of papers mentioned in the previous paragraphs is that they

all concentrate on describing the current structure of trade in TEs, without offering

any analysis of factors responsible for that structure.

The search for ways to understand and predict trade patterns in TEs has brought

researchers to the gravity model of trade. The advantage of using the gravity

framework in the case of TEs is the comparatively little data requirements. Due to

this feature, the simple gravity model has become a very popular tool for estimating

potential trade flows in the region. Special attention has been given to modeling

trade relations between the European Free Trade Association (EFTA), the EU, the

CEECs and Baltic Rim countries (Wang and Winters, 1991; Winters and Wang,

1994; Baldwin, 1993, 1994; Gros, 1996; Dominique, 1996; Iversen, 1998; Paas,

2000).

Wang and Winters (1991) use the gravity model approach to analyze foreign

trade relations between EFTA and CEE countries using data from 76 countries for

the years 1984-86. The authors use their results to estimate potential trade flows in

the sample, assuming the model variables change in a certain way. They find that

potential trade between the EFTA and the CEECs is much higher than the actual

trade level (the gap ranging from 30 percent for Hungary to 650 percent for

Bulgaria). In a similar model, Baldwin (1993, 1994) uses GDP of two countries, their

populations, the distance between them, and a variety of dummies to study bilateral

trade flows. He estimates trade potentials for Albania, Croatia, the Czech Republic,

Bulgaria, Estonia, Hungary, Latvia, Lithuania, Poland, Slovakia, Slovenia, Russia,

Ukraine, Belarus, and Moldova (Baldwin, 1994). According to the estimates

presented in the paper, the CEEC and the Baltic States will be important trading

partners with most of the EFTA nations in the near future. In particular, it is
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estimated that exports to the EFTA countries have the potential to continue growing

at double-digit rates for decades. Dominique (1996) claims that based on her results

from a similar gravity-type study, trade between East and West European countries

could double from its present level in the next decade.

However, Gros (1996) does not agree with these predictions. He also uses the

gravity approach to predict trade flows using the PPP based GDP estimates for 1989

and actual 1992 trade data and to compare the results with the predictions based on

actual 1992 GDP figures. The author finds that current trade patterns in the CEECs

do not considerably differ from that of similar Western European countries. In

addition, the projections based on the 1992 data do not indicate any remaining

unused CEE trade potential.

Some previous papers on trade in transition suffer from data problems specific to

TEs: the short time-span that limits research to just a few early (and hence still

distorted) years of transition. Also limiting, is the fact that most papers concentrate

on trade in CEECs, leaving the rest of the region out of the study. The former Soviet

Union republics, particularly the Asian States and the Caucasian region, have

received the least attention so far. As was already mentioned, the gravity model has

become a very popular tool for analyzing trade patterns in TEs. However, most

papers use a simple version of the model, which omits potentially important trade

determinants.

The goal of this chapter is to overcome some of the existing limitations in the

literature and to provide a more extensive study of trade patterns in transition

countries. This is done by:

Studying a wider range of TEs;

Extending time coverage to 7 years in transition: from 1993 to 1999;

Using a generalized gravity model, which offers a richer framework for

analyzing bilateral trade patterns;

Performing a robust empirical analysis of the data.
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2.4 Theoretical Framework

This section discusses the theoretical framework used to study trade patterns in TEs.

It is important to note at this point that the model used in this chapter is based on a

general equilibrium framework, while the process of transition represents a state

where equilibrium has not been reached yet. This fact raises the question of how

suitable is such a model for studying trade in TEs. While this is a valid observation

deserving further investigation, it is not addressed in this study. Further theoretical

research is necessary to develop a model of trade that will incorporate some of the

important features of the transition process.

One of the early models of bilateral trade patterns in the classic theory of

international trade is the Heckscher-Ohlin (H-O) model, which explains countries'

comparative advantage based on their differences in factor endowments. The idea

was initially developed by Eli Heckscher (1919) and Bertil Ohlin (1933), and was

formally captured by the Heckscher-Ohlin (H-O) theorem. The theorem simply states

that a country exports those commodities produced with relatively large quantities of

the country's relatively abundant factor. For example, a country with a high ratio of

capital to labor will export capital-intensive goods, while one with a low ratio of

capital to labor will export labor-intensive goods.

This theory, however, is based on a range of simplifying assumptions (2 goods,

2 factors, 2 countries setting; identical tastes/technologies across countries; constant

returns to scale in production, to name just a few), making H-O model in its "pure"

state highly stylized and ineffective in explaining the full richness of world trade.

For several decades now, the gravity model has been used in empirical studies

to model international trade patterns and their changes. According to the gravity

approach in its basic form (Linnemann, 1966), bilateral trade between two regions

(countries) is directly related to their incomes and populations and inversely related

to the distance between them. Initially, this model was criticized for its weak

theoretical foundation.
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The increased popularity of the gravity model during the recent years came from

the development of an improved theoretical foundation for the model (Anderson,

1979; Bergstrand, 1985, 1989, 1990; Deardorff, 1995, Evenett and Keller, 1998), and

its successful empirical performance.

This chapter relies on the theoretical derivation of the gravity model by

Bergstrand (1989), which extends microeconomic foundations of the gravity

equation to incorporate factor-endowment variables in the spirit of Heckscher-Ohlin

(H-O) and taste variables in the spirit of Linder (1961). He uses a general

equilibrium model of world trade with two differentiated-product industries and two

factors to derive the generalized gravity model that includes relative factor-

endowment differences and non-homothetic tastes.

On the demand side the representative consumer in each country is assumed to

maximize a Cobb-Douglas-CES-Stone-Geary utility function subject to an income

constraint. This gives rise to a set of bilateral import demand functions that relate

bilateral trade flows to national income, per capita income, and prices (faced by the

consumers). Countries with similar per capita income will have similar demand (as

in Linder, 1961).

On the supply side the representative firm in each industry in each country

produces a uniquely differentiated product in a monopolistically competitive setting,

using two factors of production, labor and capital. Technologies are assumed the

same across firms and across countries. It is also assumed that labor and capital are

in fixed supply in each country. The representative firm then distributes its product

to different markets (including the home market) under diminishing returns. The

resulting export supply functions relate the level of output for each given market to

exporting country factor endowments, number of firms in the industry, price received

by producers, and cost of shipping output to end markets.

Combining these assumptions on consumer and producer behavior, Bergstrand

derives the generalized gravity equation, which relates the level of industry-level

bilateral trade to exporting country output level, importing country income level,
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importing country per capita income, exporting country factor endowments,

shipment costs, tariff rates, bilateral exchange rate, and prices faced by consumers

and producers.

Generalization of H-O theory beyond two industries and two factors is not

straightforward. However, its weak generalization for more than two factors is that

countries tend to export those goods which use intensively their abundant factors.

Similarly, the Rybczynski theorem can be generalized to show that in a multi-

industry world an increase in a country's endowment of capital (labor) tends to

increase the output of relatively capital (labor)-intensive industries. Consequently, a

weak inference of the relative factor intensity of the industry can be made based on

how exporter capital/labor ratio influences trade in that industry.

2.5 Empirical Model

The following empirical model is used to analyze industry level trade flows (where

industries correspond to single-digit Standard International Trade Classification

categories 0 through 9):

log(PX0) = + log(GDI) + Oi log(GDP) + ç3 log(gdp,)

1Skill. (Land. \
+ q4 log(gdp) + ço logl I + c'6 log (2.2)

lLabor,) Labo)

+ q7 log(Dist) + ço8Border, + co9FTA + log(Mkt) +

In this equation subscript i denotes the exporting country; subscript j is for the

importing country. The dependent variable is the log of the value of exports (PX0)

flowing from country I to country j in industry a. Exporter GDP (GDI) is a proxy

for i 's national output, exporter's GDP per capita (gdp,) is a proxy for I 's capital-

labor endowment ratio. Importer GDP (GDPJ) isj 's national income. Importer's
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GPD per capita (gdp) isj 's per capita income. In addition to capital-labor

endowment ratio, this equation includes exporter's land-labor and human capital-

(Land "i . (Skill.labor ratios measured by land per worker I and skill per worker
Laboi) I\Labol

in country i. Further, a dummy variable, indicating the presence of a free trade

agreement between i and j (FTAJ), and the European Bank for Reconstruction and

Development (EBRD) markets and trade restructuring indicator capturing the level

of trade restrictions for country-pair i (Mkt )5 are used to proxy for the tariff rates

in the generalized gravity model. The transport cost variable is proxied by Dist

the distance between i 's and j 's capital cities, and a dummy variable, Bordeç, for

a common border or shoreline. The analysis below is done using real US dollar

values of trade flows.

To account for country and time specific differences in TE trade patterns not

captured by other variables in the model, equation (2.2) is augmented with sub-

regional and time dummies. TEs are grouped into sub-regions based on geographic

proximity to each other as well as their transition speed and depth. It is common to

group TEs into FSU republics and Eastern Europe countries, where FSU can be

further split into Baltic States, Caucasus, Asian States, and the central part of FSU,

and Eastern Europe can be subdivided into Southern and Central parts. Table 2.1 lists

TEs by sub-regions.

Several remarks on expected coefficient signs and their interpretation are in
order. A rise in j 's income, adjacency, and the presence of trade agreements should

increase the trade flow from i to j. The bigger distance between these countries

should decrease trade flows. As follows from the derivation of the gravity equation if

This indicator reflects the progress of markets and trade liberalizationprocess in TE and is
calculated and reported by the EBRD in annual Transition Reports. The M'kt, variable receives the

value of the index corresponding to TE entering that pair as the exporter (i), or as the importer (j).
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the elasticity of substitution in consumption for the industry (a) is more (less) than

one, the coefficient on i 's income will have a positive (negative) sign. If a> 1, a

positive (negative) coefficient for exporter per capita income indicates a tendency for

this industry to be relatively more (less) capital intensive. A similar interpretation

can be given with respect to the signs of the coefficients on per capita land and skill

variables. A positive (negative) coefficient for importers per capita income indicates

that industry output is luxury (necessity) in consumption. Expected coefficient signs

for the case when a > 1 are summarized in table 2.5. When a < i, interpretation of

coefficient signs on variables 3-6 is reversed.

The estimation below uses industry level trade data to analyze sectoral trade

flows. Since within an economy industry-level trade volumes could be affected by

common country-specific factors, it is likely that error terms in (2.2) are correlated

across industries. Hence, the seemingly unrelated regression framework could be

used to jointly estimate industry level export-import flows for all industries.

However, it can be shown that in the case when all the right-hand-side variables of

all the regressions of interest are the same, running separate OLS regressions for

each industry will be equivalent to estimating the model using the seemingly

unrelated regression approach (Greene (2000), p. 616).

Another fact requiring special attention in the estimation of the model is the

presence of zeros in the dependent variable. Whenever there is no trade in a given

industry between a particular pair of countries, or when there is too little trade (less

than a unit of measurement of trade volumes, which is 1000 US dollars in our case) a

zero trade volume is reported. One of the solutions in these types of cases is to

perform Tobit estimation, where the dependent variable in the model (bilateral trade)

is treated as being censored. In our case, all values of the dependent variable that fall

between 0-1000 US dollars are recorded as zeroes.
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For the sake of robustness, I estimate the model via heteroscedasticity corrected

robust6 OLS regressions for export and import flows in each industry as well as

using Tobit estimation technique. When performing the least squares estimation, all

zero bilateral trade flows are replaced by a unit trade value (1000 US dollars) to

allow for taking logarithms.

2.6 Data

This section provides a detailed description of the data used in the analysis. Table 2.4

contains basic summary statistics for the model variables.

2.6.1 Trade Data

The main source of trade data used in this study is the Supplement to the World

Trade Annual, United Nations Statistical Division. The Supplement reports annual

data at the various levels of the Standard International Trade Classification, Revision

2 (SITC, Revision 2) for trade among 23 developed countries (see Table 2.1) and

other countries and areas of the world, including countries in transition. Trade values

are in thousands of US dollars converted from national currency to US dollars based

on weighted averages of exchange rates (consult data source for additional details).

Trade data are converted into real 1995 US dollars using the US Consumer Price

Index from the World Development Indicators, the World Bank.

6 The approach used to estimate the covariance matrix is the sandwich estimator of variance, see
Huber (1967), White (1982). Also, see Appendices.
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2.6.2 Explanatory Variables

Exporter and importer GDP (billion PPP current US dollars) and GDP per capita

(PPP current international US dollars) data are taken from World Development

Indicators database, and are converted to 1995 real US dollars.

Exporter skill per worker is proxied by the Human Development Index (HDI)

annually reported by the United Nations in its annual Human Development Report.

HDI combines indicators of national income, life expectancy and educational

attainment to give a composite measure of human progress, ranging from 0 (the least

developed) to I (the highest development level). Compared to mean years of

schooling, often used in the literature as a proxy for country skill level, HDI better

reflects quality differences in human capital across countries by combining several

indicators of human progress, including mean years of schooling. Land per worker

(measured in square kilometers) is the ratio of country land territory and the total

number of people in the workforce, as reported by the World Development

Indicators.

Distance measures bilateral flying distance between capital cities in kilometers.

Data on this variable are from http:/fwww.etn.nl/distance.htm website. The Markets

and Trade index is an average of price liberalization, trade and foreign exchange

system, and competition policy indicators developed by the European Bank for

Reconstruction and Development (EBRD) among several other indicators to measure

progress in transition in central and Eastern Europe, the Baltic states, and the CIS.

More information on these indicators can be obtained from EBRD annual Transition

Reports. The foreign trade agreements variable indicates the presence of such an

agreement between a pair of countries (as a bilateral or as part of a multilateral

agreement). It is composed based on WTO's list of Regional Trade Agreements

notified to the GATT/WTO and in force. The border dummy indicates the presence

of a common border or shoreline between a given pair of countries.
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2.7 Results

This section discusses the results of the model estimation. The augmented

generalized gravity equation is first estimated for aggregate TE exports and imports

to analyze how factors included in the model influence trade in TEs. As the next

step, the section analyzes industry level exports and imports in TEs. Finally,

estimation results for two sub-periods (1993-1995 and 1997-1999) are discussed and

compared. This allows capturing the differences in the impact of model variables on

trade patterns throughout the transition.

For the ease of interpretation in the discussion below I group together

explanatory variables that are similar in nature. Unless otherwise noted, the word

"region" is used to refer to either the TEs and/or the developed countries as a group.

2.7.1 Analysis of Aggregate Trade Flows

Table 2.6 contains OLS and Tobit robust estimation results for aggregate TE exports

and imports. Since aggregate level data contain a small number of zero observations,

results from these two estimation approaches are very similar. According to OLS

results, the model explains 75 % of total variation in TE exports and 79 % of total

variation in TE imports. Most of the coefficient estimates are highly significant and

are in line with results from similar gravity equation studies of aggregate trade flows.

The results of the estimation do not change much when time and sub-regional

dummy variables are not included: coefficient estimates on the remaining variables

and their significance levels are almost unchanged, while R2 drops to 73 % for TE

exports and 77 % for TE imports.

According to the results, trade flows in both regions are elastic with respect to

exporter and importer GDP levels. The coefficient estimate for exporter GDP is
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slightly higher for TE exports compared to developed countries (DC) exports,

suggesting that the elasticity of substitution in consumption in developed markets is

higher than it is in TE markets. In general, exporter and importer GDP levels help to

explain a large share of variation in total trade flows (based on the loss of fit when

the variables are omitted from the model).

H-O variables are somewhat less important in explaining bilateral trade flows

compared to GDP variables, however, they still improve the overall fit of the model

and provide very plausible insight into the nature of observed trade pattern. The

coefficient estimates for H-O variables suggest that TE exports to DCs are less

capital- and skill-intensive (where capital is proxied by exporter GDP per capita),

and are more land-intensive than DC exports to TEs. Table 2.4 shows that TEs are

relatively scarce in capital and skill compared to DCs. At the same time, if we

exclude Australia and Canada from the sample, TEs are relatively more land

abundant on average. Hence, we can conclude that on the aggregate level trade

patterns in TEs do follow comparative advantage.

Trade cost variables have an important role in the trade between TEs and

developed countries. The most influential variable is distance between trading

partners, which accounts for the same or even larger share of explained variation in

trade as compared to country GD? levels. Distance has a big negative effect on trade

volumes in both regions, being the biggest impediment for trade. The markets and

trade index does not influence TE exports, while it has a big positive effect on TE

imports. This is easy to explain by the fact that trade reforms in TEs mostly affected

the imports side, while having a smaller impact on regional exports.

Table 2.7 calculates percentage changes associated with the switch in the values

of the dummy variable from 0 to 1.

Countries that share a border/shoreline tend to trade more intensively. Free trade

agreements have a significant positive influence on TE exports to developed

countries, comparable to that of the presence of a common border (and hence can be
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used in many TEs to compensate for the absence of developed neighbors). DC

exports, however, do not benefit from the FTAs.

Addition of time and region dummy variables does not have a substantial affect

on coefficient estimates on other variables in the model. These dummy variables

introduce a modest improvement in the explanatory power of the model, allowing

capturing some region- and year-specific variation in the data not captured by the

other variables in the model. This is an important contribution given the fact that

economic situation, and consequently, trade flows varied greatly across TEs and

across time.

In the set of regional dummy variables, the omitted sub-region includes Belarus,

Russia, Ukraine, and Moldova (BRUM), and all results should be interpreted relative

to that sub-region. Among all TEs, the Baltic States have the highest intensity of

trade with DCs, 6-7 times exceeding that of BRUM. Eastern European countries,

particularly the Central states also have rather intensive trade relations with

developed countries. Asian republics of the FSU are indistinguishable from BRUM,

while Caucasus exports less intensively and imports more intensively than BRUM

do. The trade structure in Caucasus is the least favorable among all TEs from the

point of view of export development.

Estimates on time dummies indicate that trade flows between the two regions

intensif' with time. The trend is particularly strong in DCs exports to TEs after 1996.

We also notice that DC exports exhibit some fluctuations over time that could be

attributed to global business cycles.

2.7.2 Analysis of Industry Level Trade Flows

Tables 2.8 and 2.9 contain the results from robust OLS and Tobit estimations of

industry level exports and imports in TEs. For generalization purposes, industries 0-3

(0.Food and Live Animals; I .Beverages and Tobacco; 2.Raw Materials, and 3.Fuels)

are referred to as primary products (PP) sectors, while industries 5-8 (5.Chemicals;
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6.Basic Manufactures; 7.Machinery and Transport Equipment; 8.Miscellaneous

Manufactures) are referred to as manufactured products (MP) sectors. When

relevant, remarks regarding industries 4.Animal and Vegetable Oil and Fats and

9.Goods not Classified by Kind are presented separately.

Gravity Variables. The coefficient on exporter GDP is positive and statistically

significant for all the industries for both regions, hence the interpretation of all the

coefficients is the same as above. The results indicate that export elasticity with

respect to exporter GDP is slightly higher in TEs for almost all industries.

Importer GDP reflects market size of the partner country, and has a positive and

highly significant effect on exports in all 10 industries in both regions, as expected.

Elasticity of industry exports with respect to importer GDP is now lower for TEs for

almost all industries.

These regional differences in exporter and importer GDP effects on export levels

suggest that exports from TEs are more supply driven (exporter GDP effect is

relatively stronger), while exports from DCs are more affected by demand factors

(importer GDP effect is more pronounced).

Export levels in industry 4 have the lowest response to both exporter and

importer GDP changes in both regions. This can be explained by low substitutability

in consumption and the relatively small importance in the budget that characterize

many goods in this category.

Based on importer per capita income coefficient results, products in categories 2

and 3 imported by DCs can be characterized as necessities, while products in

categories 0, 1, 5, 8, and 9 appear to be luxuries in consumption. At the same time,

TEs imports in PP sectors are mostly composed of necessities, while imports in MP

sectors are neutral or luxury in consumption. A bigger variation in TE export

elasticity with respect to importer per capita income can be attributed to a highly

saturated nature of developed markets: DCs already have a wide variety of products,

and hence they will buy from TEs mostly necessities (such as raw materials, fuel)
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that are in short supply domestically or some highly differentiated products that are

luxuries in consumption (for example, glassware from the Czech Republic).

H-O Variables. The second panel of results in Tables 2.8 and 2.9 contains
coefficient estimates for H-0 variables. The effects of these variables can be
explained based on classical trade theory. More specifically, according to the
extended version of the 1-1-0 theorem, we should observe that countries relatively

better endowed with a given factor export more of the products that use that factor

relatively more intensively. Also, according to the generalization of the Rybczynski

theorem, an increase in a country's endowment of a factor tends to increase the

output of industries that use that factor more intensively and reduce the output of
industries that use that factor less intensively. Hence, our estimates for H-0 variables

can be used to interpret the relative factor intensities of different industries in the two
regions.

It appears that TE exports in PP categories are not capital-intensive, while MP

exports range from capital-neutral categories 6 and 8 (the coefficient on GDP per
capita is insignificant) to the most capital-intensive industry 7. In PP exports from

DCs, industry 0 stands out as a very capital-intensive sector compared to TE exports

in the same category, which reflects the high capital intensity of agriculture in

developed countries. DC exports in chemicals, machinery and transport equipment,

and miscellaneous manufactures are also considerably more capital-intensive than
TE exports in the corresponding categories.

Skill level has a very pronounced positive effect on TE exports in all MP
categories, and a somewhat smaller positive effect on PP categories, becoming

insignificant for categories I and 9. Due to the big number of zero-trade observations

in industry 4, skill elasticity estimates for TE trade in this industry are very sensitive

to the estimation technique used, and should be interpreted with caution. To a lesser

extent this is also true for trade in sectors 2, 3 and 9. In general, products exported by

developed countries are more skill-intensive than products exported by TEs in all
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categories, except for miscellaneous manufactures, where the elasticity estimate is

higher for TE exports.

With respect to land per worker, exports from TEs in all PP categories are more

sensitive relative to DC exports in the same categories. Within TE exports, PP

categories are more land-intensive than MP sectors. It is worth noting that among all

the explanatory variables land endowment has the lowest effect on export levels.

The estimation results for H-O variables can be used to make inferences

regarding the relative labor-intensities of different sectors and regions. Note that in

(Capital l(2.2) exporter GDP per capita represents the ratio, and hence trade
Labo, )

elasticity with respect to labor can be calculated from:

a log(PX) / ô log(Laboi) -(qi + q5 + '6) (2.3)

Based on our estimates for , and ço6 it appears that TE exports are more

labor-intensive in all categories compared to exports from developed countries,

except for miscellaneous manufactures (sector 8), which is the most labor-intensive

export sector for developed countries. In TEs the highest labor-intensity is estimated

for beverages and tobacco products (sector 1).

The analysis of H-O type variables indicates that the way these factors affect

industry level exports in TEs and DCs is in line with the perceived factor-intensities

of different industries in the two regions. There are no noticeable signs of previous

trade distortions in TE trade patterns, based on the sample under consideration. The

last part of this section splits the sample into early and late periods in transition,

which helps to trace changes in TE trade patterns that have taken place since 1993. If

we assume, that the TE trade structure has been gradually adjusting to better reflect

the comparative advantage of the region, we should observe more distorted trade

patterns early in transition compared to trade in more recent years.
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Trade Cost Variables. All variables in this group have the expected signs and are

highly significant (with just a few exceptions) for all trade categories in both regions.

Distance is a big trade impediment for trade in all the industries, affecting

category 6 particularly hard (it contains many heavy and bulky goods). The smallest

effect is on industries 4 and 9. In general, distance factor has a larger impact on TE

imports than exports.

The markets and trade variable captures the progress of reform in trade policy. It

assesses the progress in promoting competition policy and price liberalization, and

reform of trade and foreign exchange system. The reform process positively

influenced trade in most of the industries. The least affected trade flows are western

exports in sectors 3 and 6, and TE exports in category 8, the most affected ones are

TE exports in industries 0 and 5, and western exports in sector 1.

Tables 2.10 and 2.11 calculate the percentage changes that each of the dummy

variables in the regressions will have on the value of industry export and import

flows, respectively.

The common border has an immense effect on intensity of trade between

countries. The border effect plays a particularly important role for TE exports in

sectors 3, 4 and 9, where trade tends to be much more intensive with the immediate

neighbors than with non-adjacent developed countries. On the imports side, the

effect of border is very high in sectors 2, 3, 4 and 9, and is virtually zero for all MP

imports from developed countries. In general, TE exports in all trade categories are

more sensitive to the presence of common border/shoreline compared to DC exports

in corresponding sectors. Hence, TEs tend to export more intensively to their

immediate neighbors, while DC exports have a wider geographic coverage. Earlier it

was mentioned that trade costs have a relatively smaller effect on TE exports, which

could be due to the low-cost nature of transportation means TEs use for close-

distance exports to neighboring countries (local railroad systems, trucks, ferries). On

the contrary, DC exports have to travel longer distances to reach their markets in
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TEs, which requires using more long-travel, and hence more costly, transportation

means.

Free trade agreements (FTA) also play an important role in the intensity of trade,

although the effect is much smaller than that of a common border. In both regions

FTAs help to expand exports in industry 1, while having virtually no effect on trade

in industry 0. In the remaining sectors, the effects of FTAs in the two regions are

different in nature. In transition economies FTA benefits are high in PP sectors and

are high to moderate in MP sectors and in category 9. The effect is very small (or

even, zero) in TE exports in sector 4. In DCs the biggest effect from FTAs is on

exports in sectors 4 and 9, while there is little or no effect in the remaining PP

sectors, and even a negative effect on exports in MP sectors.

Sub-Regional Dummies. Sub-regional dummies help to reveal differences between

sub-regions, such as geographic, historical, cultural, political characteristics of each

region, not captured by the other variables in the model. The reference sub-region in

our estimations is BRUM, so all the results are interpreted relative to that sub-region.

In almost all sectors of TE exports the leading regions are Central-, South-

Eastern Europe and the Baltic States, while the Asian part of the FSU and Caucasus

have the worst export performance. Particularly big are sub-regional differences in

export performance in PP industries. Sector 3 deserves special attention since some

of the estimates for this industry are extremely high. This is due to the fact that there

are only a few TEs that are endowed with this resource (Azerbaijan and Latvia are

two major oil exporters in the region) which is responsible for the extreme results

(especially in the Tobit estimations). Among MP sectors, the widest differences

among the sub-regions arise in sector 6 and 8, where Eastern European countries and

the Baltic States are well ahead of the FSU republics.

The levels of imports from developed countries are very high in the Baltic States

(compared to BRUM), followed by Central-Europe and Eastern Europe. Among

FSU republics, the Caucasian states are the leading importers from developed
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countries, which, given their weak exporting performance, means they have the most

unbalanced trade with DCs.

Time Dummies. Time dummies reflect the differences in the annual volumes of

industry-level trade relative to the omitted year (1993). This variation in trade flows

can be caused by business cycle fluctuations and other time-specific factors not

accounted for by the other variables (how far along the reform process is, political

factors).

Coefficient estimates for time dummies for TE exports indicate that there has

been no big time-specific change in PP sectors (except for sector 2, which is

discussed below) and sector 9 relative to 1993 export levels. There was a slight

decline in exports in sector 4 and 5 during the last years of observations. Industries

with the most widespread fluctuations in time are sectors 2 (raw materials) and 7

(machinery and transport equipment) - the two industries whose development after

the disintegration of the communist bloc caused the biggest controversies in

literature. Exports of raw materials expanded very quickly during the first three years

of observations (1993-1995), and this is when many papers on trade in transition

started to express their concerns regarding the "adverse" development of trade

patterns TEs. But as my results indicate, this trend changed somewhat later in

transition. It is interesting to note that export expansion of more advanced,

engineering products (sector 7) was relatively slow early in transition, but the sector

did grow substantially later in transition (1997-1998). There is some evidence in the

results that quick expansion of natural-resource rich products early in transition was

a temporary trend, and there is some evidence that exports of more advanced

products is expanding in the long-run.

On the TE import side there are no long-term changes in industries 0, 1 and 4 that

are not captured by all the other variables in the model. But in all the other industries

import volumes have gone up by the end of the period under consideration.

Particularly large is this expansion in MP industries, as well as in fuels (sector3) and
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given the dependence of many TEs on imported fuel and raw materials.

2.7.3 TE Trade by Periods

In order to distinguish short-term and more long-term adjustments to changes in

domestic and international environment in TE trade patterns, the analysis in this

subsection concentrates on two sub-periods: period 1 (1993-1995) and period II

(1997-1999). For a sharper contrast between time periods, year 1996 is not included

in the analysis in this section.

Tables 2.12 and 2.13 report industry-level Least Squares estimation results by

period for TE exports and imports, respectively. These tables also show which

coefficient estimates differ significantly across the two periods. The discussion

below refers to these estimation results, but for robustness check Tobit estimation

has been also performed (results are reported in Tables 2.14 and 2.15). The

significance of the coefficient estimates and the test results for structural changes are

very similar for both estimations.

To determine if there is a significant change in all coefficient estimates jointly, a

Wald test is performed based on estimation of pooled data for both periods. In all

industries coefficient estimates for TE exports and imports were jointly significantly

different across periods. Overall, over the course of transition (at least for the part of

it studied in this chapter), there have been significant changes in the way different

factors affect TE trade patterns. What follows is a discussion of the most significant

changes in TE exports and imports respectively.

Analysis of TE Exports by Periods. Among PP sectors, TE exports in industries 0

and I have changed the most. Exports in these sectors have become more sensitive to

market size in the second period and more land-intensive in nature. Capital intensity

of industry exports is lower in the second period, reflecting the relative capital
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scarcity of TEs. There is a bigger divergence in export performance among the sub-

regions later in transition. Sectors 2 and 3 have changed the least. Markets and trade

index has become a serious impediment to exports of raw materials in the second

phase of transition, while exports of fuels has increased its land-intensity.

Exports in sector 4 are becoming less capital- and land-intensive. Caucasus

started with some exporting advantage in the sector, but lost it later in transition,

becoming more similar to BRUM.

MP exports have also changed significantly. Sector 5 exhibits the least changes

over the course of transition. Chemicals, exported from TEs, become increasingly

land and natural resource-intensive. Also, in the second period the Baltic States lose

their superior position as exporters of chemicals.

The biggest changes in the effect of gravity variables on TE exports are the drop

in importer GDP per capita elasticity (income elasticity of demand for TE exports) in

industry 6, and its increase in industry 7. Sectors 6, 7 and 8 all become less capital-

intensive: lack of capital in TEs leads to the development of less capital-intensive

products within each sector. At the same time these sectors become more skill-

intensive; indicating that abundant educated labor in TEs is being used more

intensively later in transition.

The most changes with respect to trade cost factors are observed in sector 6,

where exports of bulky and heavy products significantly benefits from the

development of better transportation connections with developed countries. Both

distance and border effects in this industry become smaller in the second period.

Later in transition, FTAs start to play an extremely important role in the promotion

of TE exports in sectors 6, 7 and 8. Exports of miscellaneous manufactures benefit

the most from free trade agreements.

Sub-regionally, the most changes are observed in industry 8, where BRUM

improves its exporting position relative to all the other sub-regions, while Caucasian

and Asian states fall way behind all the other TEs. Caucasus also falls further behind

the rest of the region in exports of categories 6 and 7.
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In industry 9 there are minimal changes - only market size becomes relatively

more important for TE exports in this sector.

Analysis of TE Imports by Periods. In PP imports we notice a drop in skill-

intensity in sectors 0 and I, and a parallel increase in skill-intensity in sectors 2 and

3. At the same time, imports in sectors 0 and I also become more land-intensive,

while becoming less capital-intensive in sectors 2 and 3. The most changes in the

effects of gravity factors are observed in sector I, where TE imports become more

sensitive to exporter GDP, and less sensitive to importer GDP and GDP per capita

levels.

There do not appear to be any major improvements in transportation of PP

imports. The distance effect does not weaken in the second period, and in the case of

imports of fuels it even increases. There are minimal benefits from FTAs in imports

of PP - the only sector that significantly benefits from free trade agreements is sector

2.

Raw materials is the only sector where there are significant changes in sub-

regional import performance. BRUM increases imports of primary products from

DCs, moving closer to the Baltic States and Eastern European countries and leaving

the rest of the FSU further behind.

Imports in sector 4 become less capital-, land-intensive and more skill-intensive

in the second period in transition. FTAs become a very important tool for import

expansion in this sector.

Imports in MP sectors become more sensitive to exporter GDP and skill levels.

Sectors 6 and 7 are less luxury in consumption, while imports in sectors 5 and 6 are

less capital-intensive in the second period compared to earlier in transition. With

respect to transport costs, we observe higher distance elasticity, but at the same time

a smaller border effect. Imports in sectors 5 expand the most as the result of FTAs,

and imports in sector 7 shows some expansion potential in the future. Eastern

European countries decrease their import intensity relative to FSU republics.
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Changes in sector 9 are lower capital- and higher skill-intensity; higher distance,

but lower border effects. FTAs have a negative impact on industry imports in the

second period in transition.

2.8 Conclusion

The generalized gravity model used in this chapter helps to explain 70 to 75 percent

of the total variation in TE exports and imports, generating plausible estimation

results.

There are significant changes in the way different factors affect industry-level

trade flows early and later in transition: TE trade with developed countries has

undergone serious structural adjustments since the beginning of transition.

TE exports appear to be less capital- (or exporter GDP per capita) and skill-

intensive than TE imports. As my results indicate, over time TE exports in most

industries become even less capital-intensive, indicating the relative scarcity of this

factor in TEs. At the same time, TE export in many industries, particularly in MP

sectors, become more skill-intensive taking better advantage of the abundance of

skill in the region. TE exports are more labor- and land-intensive in almost all

industries compared to DC exports in the corresponding industries.

There are some improvements in transport costs for TE exports in MP sectors.

However, the negative effect of distance on exports from developed countries does

not diminish over time. In both regions we observe an intensification of trade with

non-adjacent countries.

Markets and trade reformation has a significant impact on TE imports in the

beginning of transition, when most of the reforms were implemented. But in the

second period the effect of the reform process diminishes, signifying the temporary

nature of adjustments in TE trade flows caused by this factor.

FTAs have a significantly positive effect on trade among the regions, and it is

particularly strong in the second period in transition, when most of the trade
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agreements among TEs and developed countries were initialized. It appears that

FTAs benefit different industries in each region, being particularly effective for TE

exports expansion in several PP and MP sectors, while promoting sectors 4 and 9 in

the case of DC exports.

There are some industry-specific changes in trade performance on the sub-

regional level. Eastern European countries and Baltic States are relatively more open

to trade with developed countries than the rest of TEs. At the same time, Asian and

Caucasian States show the worst trade performance in the region. Overall, changes in

the gap among the sub-regional trade performances do not exhibit any clear

tendencies. In some cases, like in TE exports in sector I, there is a further divergence

among the sub-regions over time, but in many other instances, for example, in

imports of manufactured products, the gap narrows down.

The contribution of this chapter is a detailed analysis of TE trade patterns with

developed countries throughout the transition period. The results derived from this

analysis can be used to help TEs in achieving closer trade integration with developed

countries. Another application of the result is the forecasting of potential bilateral

trade volumes, which can be used to identify any unused potential in TE trade with

each of the developed countries in the sample.

It is important to note some shortcomings of the chapter, many of which are due

to data limitations. In particular, GDP per capita may be a poor proxy for capital

abundance, especially early in transition, yet no better data are available. Also, using

the mean years of schooling for post-Soviet countries is problematic, since there is

little or no variation in this variable across TEs due to almost identical schooling

systems in these countries in the past. The human development index is used to

overcome this problem; however, it obviously has its own shortcomings, including

little variation over time.

Although trade barriers in TEs are taken into account by including markets and

trade reform index, trade restrictions in DC are not in the model. On the contrary,

import restrictions are rather low in developed countries therefore their exclusion is
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not that important. Also, many import restrictions are imposed on a product level,

which is very problematic to aggregate up to a one-digit industry level.

As our results indicate, TE trade patterns have undergone significant changes

during the years under consideration. It is clear that there are yet more adjustments in

the structure of trade that have taken place after 1999. Given the quickly changing

nature of transition process, it is very important to update the analysis of trade

patterns in TEs as soon as more data become available.



Table 2.1: Regional grouping of sample countries

Region I. Transition Economies Region 2. Developed Countries

Sub-region 1. Caucasus Australia

Armenia Austria

Azerbaij an Belgium-Luxembourg

Georgia Canada

Sub-region 2. Asian republics of the FSU Denmark

Kazakhstan Finland

Kyrgyzstan France

Tajikistan Germany

Turkmenistan Greece

Uzbekistan Iceland

Sub-region 3. Baltic States Ireland

Estonia Israel

Latvia Italy

Lithuania Japan

Sub-region 4. Russia, Ukraine, Belarus, Moldova (RUBM) Netherlands

New ZealandRussian Federation

Ukraine Norway

Belarus Portugal

Republic of Moldova Spain

Sub-region 5. Central-Eastern Europe (CEE) Sweden

Czech Republic Switzerland

Hungary United Kingdom

Poland United States of America

Romania

Slovakia

Sub-region 6. South-Eastern Europe (SEE)

Albania

Bulgaria

Croatia

Slovenia

Former Yugoslav Republic Macedonia
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Table 2.2: Share of trade with developed countries in TE total trade, %

Country Exports Imports
1993

I
1996 1999 1993

I
1996 1999

Caucasus________
Armenia 18.7 22.9 55.0 25.4 30.0 43.7

Azerbaijan 8.4 10.4 52.9 12.9 19.0 36.5

Georgia 4.6 12.9 33.5 12.0 30.4 31.5

Asian part of the FSU

Kazakhstan 37.3 25.2 36.9 61.7 17.1 33.8

Kyrgyzstan 11.4 7.7 44.8 15.6 25.0 33.4

Tajikistan 58.4 46.8 47.1 46.3 33.8 16.8

Turkmenistan 32.0 15.3 23.9 37.3 43.3 30.7

Uzbekistan 73.1 32.0 20.5 48.0 30.5 40.3

Baltic States

Latvia 34.1 46.3 70.4 29.5 54.6 60.8

Lithuania 72.3 36.4 57.7 57.2 48.9 54.3

Estonia 51.8 56.9 68.7 68.6 71.8 69.3

The rest of the FSU

Russian Federation 59.0 48.9 50.1 60.0 47.1 48.6

Ukraine 36.0 15.5 23.9 62.9 20.8 25.9

Belarus 16.8 10.6 12.5 30.3 21.6 18.0

Republic of Moldova 8.0 12.5 35.9 13.8 21.3 28.1

Central-Eastern Europe

Czech Republic 59.8 62.2 74.2 59.5 65.7 73.3

Hungaiy 66.0 69.0 83.3 64.8 68.2 73.9

Poland 74.8 71.6 76.0 75.9 73.2 73.6

Romania 47.2 59.9 71.2 55.8 60.1 67.7

Slovakia 31.8 44.2 63.2 32.8 43.3 57.7

South-Eastern Europe

Albania 80.0 88.2 95.3 94.9 79.3 82.2

Bulgaria 57.1 44.5 61.8 48.4 41.8 57.0

Croatia 60.2 54.2 55.4 61.1 66.2 64.8

Slovenia 67.3 69.4 71.0 69.1 76.0 76.8

FYR Macedonia 44.4 52.1 59.3 39.1 46.3 47.0
Source: Direction of Trade Statistics Yearbook, IMF, 2000
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Table 2.3: Commodity composition of the CEEC exports in 1989 (%

ProductCategory Aggre-
gate

West-
bound

Develo-
ping

East-
bound

(w/o the
USSR)

USSR

Food 10.5 13.7 12.8 7.9 7.9
Raw materials (w/o fuels) 4.4 2.8 6.8 2.4 1.0
Fuels 6.8 12.8 4.6 7.1 0.3
Chemicals 9.9 10.9 17.7 8.5 6.7
Engineering goods 36.6 15.8 29.2 49.5 53.7
Other Manufactures 31.8 44.0 28.9 24.6 30.4

Note: Including the fOrmer German Democratic Republic
Source: Winiecki (2000)
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Table 2.4: Summary Statistics
Transition economies as exporters

Variable Measurment Unit Obs Mean Std. Mm Max
Total Exports, including: (mm. $US) 4347 174.56 713.94 0 9954.17

SITCO (mln.$US) 4347 9.15 53.84 0 1351.09

SITCI (mm. $US) 4347 0.82 3.85 0 75.84

SITC2 (mm. SUS) 4347 13.49 53.93 0 840.78

SITC3 (mm. $US) 4347 28.82 254.33 0 6963.17
SITC4 (mm. $US) 4347 0.12 0.80 0 21.33
SITCS (mm. $US) 4347 11.39 43.32 0 750.74
SITC6 (mm. $US) 4347 46.92 210.32 0 3987.94
SITC7 (mln.$US) 4347 33.32 211.53 0 6127.49
S1TC8 (mm. $US) 4347 26.84 135.93 0 2699.73
SITC9 (mln.$US) 4347 3.68 51.68 0 1441.97

Exporter GDP (bin. $US) 4140 82.9 167.8 5.1 1026.8

Exporter GDP per Capita ($US) 4140 5,196 3,059 846 13,979
Exporter HDI (index) 4025 0.748 0.070 0.575 0.887

Exporter Land/Labor
(sq. km. per

worker) 4186 0.06 0.08 0.01 0.36
Distance (km.) 4186 4212 4291 56 18840
Markets and Trade Index (index) 4347 2.6 0.6 1.0 3.5

Develoned countries as exoorters
Variable Measurment Unit Obs Mean Std. Mm Max

Total Exports, including: (mm. $US) 4347 192.89 736.29 0.00 12830.97
SITCO (mm. $US) 4347 17.42 72.09 0.00 1422.12
SITCI (mm. $US) 4347 3.41 15.48 0.00 396.92
SITC2 (mm. $US) 4347 3.50 12.60 0.00 217.71
SITC3 (mm. SUS) 4347 4.17 20.67 0.00 506.67
SITC4 (mln.$US) 4347 0.90 5.05 0.00 111.55
S1TC5 (mln.$US) 4347 20.84 81.82 0.00 1614.12
SITC6 (mm. $US) 4347 36.71 161.73 0.00 3363.56
SITC7 (mm. $US) 4347 78.36 329.92 0.00 5438.94
SITC8 (mln. $US) 4347 23.84 96.56 0.00 1357.71
SITC9 (mln. $US) 4347 3.76 26.01 0.00 1265.80

Exporter GDP (bin. $US) 4347 836.6 1591.5 5.8 8165.7
Exporter GDP per Capita ($US) 4347 20,476 3,588 12,755 29,302
Exporter HDI (index) 4347 0.921 0.018 0.858 0.960
Exporter Land/Labor (sg.km.) 4347 0.13 0.23 0.00 0.87
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Table 2.5: Expected signs and interpretation of coefficient estimates (c >1)

# Variable Variable Name Coeff.
.

Sign Explanation

1 GDP, Exporter GDP + Elasticity of substitution in consumption a >1
2 GDP, Importer GDP +
3 gdp, Exporter GDP per + (-) Relatively capital-intensive (labor-intensive)

capita industry
4 gdp Importer GDP per + (-) Industry output is luxury (necessity)

capita
5 Land/L, Exporter land per + (-) Relatively more land-intensive (less labor-

worker intensive) industry
6 Skill/La Exporter skill per + (-) Relatively more skill-intensive (less skill-

worker intensive) industry
7 Dist,1 Distance - Bigger distance decreases trade flows
8 Border Common border + Trade with adjacent countries should be more

dummy intense
9 FTAIJ Free trade ag- + Presence of FTA should boost trade relations

reement dummy
10 Mki,3 Markets and Trade + Fewer trade restrictions increase trade

Index intensity
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Table 2.6: Generalized gravity estimates for TE total trade flows, 1993-1999
Vanable TE Exports DC Exports

Gravity Variables OLS Tobit OLS Tobit

ExporterGDP 1.406** 1.483** 1.070** L117**

lmporterGDP L253** 1.359** 1.255** 1.288**

lmporterGDPpercapita 0.132 -0.026 0.094 0.103

H-O Variables

ExporterGDPpercapita -0.190 -0.198 0.729** 0.665**

Exporter HDI 3793** 4.088** 9.058** 9.021**

Exporter Land/Labor) -0.024 -0.041 0.323** ..Ø339**

Trade Cost Variables

Distance l.433** l.549** 1559** 1.616**

Markets and Trade Index 0.080 0.001 0.403* 0.40 1 *

Border Dummy Ø459** 0.303** Ø45Ø** 0.377**

FTA Dummy Q474** 0.421** 0.124 ØJ77*

Sub-Regional Dummies

Caucasus 0.955** 1.076** 0.861** O.910**

Asian republics of the FSU -0.146 -0.154 0.155 0.161

Baltic Rim 1.903** 2.105** 1.736** 1.843**

Central-Eastern Europe 0.964** 1.051** jØ43** 1.096**

South-Eastern Europe 0.565** 0.592** 0.761** 0.803**

Time Dummies

Year 1994 0.414** Ø449** 0.376** 0.400**

Year 1995 0.672** 0.741** 0.651** 0.699**

Year 1996 0.441** Ø499** 1.054** 1.106**

Year 1997 0.530** 0.606** 1.236** 1.298**

Year 1998 Ø439** Q495** 1.274** 1.340**

Year 1999 0.520** 0.604** Ø935** 0.999**

R2/ Log likelihood 0.749 -8405 0.785 -7985

Root MSE/lnsigma 1.985 0.784 1.632 0.553

Number of Observations 4025 4025 4140 4140
Notes: *..significant at 5% level of confidence, ** significant at 1% confidence Ievei.
All variables except for dummy variables are in logarithmic form.
For expositional convenience, table does not report standard errors for coefficient estimates.
Estimation details are available upon request.
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Table 2.7: Interpretation of dummy variables for TE total trade flows, 1993-1999

Variable Change in TE Exports, Change in DC Exports,%___
Trade Cost Dum,nies

___%___
OLS Tobit OLS Tobit

Border Dummy 5g** 35** 57** 46**

FTA Dummy 61** 52** -12 16*

Sub-Regional Dummies

Caucasus .62** 136** 149**

Asian republics of the FSU -14 -14 17 17

Baltic Rim 571** 721** 467** 532**

Central-Eastern Europe 162** 186** 184** 202**

South-EasternEurope 76** 81** 114** 123**

Time Dummies

Year 1994 51** 57** 46** 49**

Year 1995 96** 11O 92** 1O1

Year 1996 55** 65** 187** 202**

Year 1997 7Ø** 83** 244** 266**

Year 1998 55** 64** 257** 282**

Year 1999 68** 83** 155** 171**
Notes: * and ** reflect the significance level of the corresponding coefficient estimates from table 3.



Table 2.8: TE ex orts to develo ed countries

Variable 5. Chenaks
6.

Manufactures
Basic 7. Machinery and 8. MisceHaneous

Ex oerGDp
OLS Tobit OLS Tobjt

Trans ort E ii
OLS

Manufactures
9. Goods not

Classified ii Kind

. .c
Tm erGDp

1.171** 1.786** O.745** 1.628** 1.546**

Tobjt
2.065**

OLS Tobit OLS Tobit

Tm oerGDp erca ita
0.949** 1.547** 0.6I2** 1.479** 1.l93** !.772**

143g** 4.363** 0.224** 2.284**

Ex oerGDp erca ita
l.283** l.403** 2.158** 4.708** .0.984** 1767**

0.665** 2.320** O.230** 2.438**

Ex oerHDJ
.0.721** .0,632* 0671** .1.114* .1.609** 2043**

.0.754** .3.891** 0.075 -1.219

Ex oerLanabor)
3.903** 5.560** -0.196 -1.325 4.269s* 5735**

2160** .3301** -0.013 2.318*

Distance

0.276*s 0.113 0.436** 0.655** 0.068

3.982** 1471J** -O.33j .20.364**

O
MarketsandTradelfldex

.0.990** 1660** .0,245** 0.955** I799**

-0.006

.2.678**

1.489** 2.483** 0.098 0.813

Border Dumm

1.669** 3.254** 1.055** 5.401** .1.328** .2.236**

1.30l** 494J** .0.457** 4333**

ADumm

1,603** 0.854** 0.885** 0.906** 1.341** 0.566**

0.174 .6.121** 0.343** 2.493

Caucasus

0.346* -0.012 O.788** l.070** 0.908** O.705**

2.983** 0.703 1.487** 2.347**

Asian aof the FSTJ
.0.917** .1,345*1 .0475** 1677*1 -0.351 -0.413

1.134** 0.891* O.311** 1.095

Baltic m
.2.0931* 3646** 1.825** 7.262** 0.488 1.052*1

0.5881* 7.0041* 0.099 .22.1681*

Eastemu0
l.755** 2.9761* .0.811** .2.1501* 33491* 5.080*1

.2525*1 .31301* 0.065 -1.262

South-Eastern Euro

l.201** 1.7521* 2.448*1 4.3041* 1.154*1 1,898*1

3455*1 13.835*1 .0.582*1 -2.327

Year 1994
1.198*1 0.889*1 1.797*1 2.288*1 0.547* 1.108**

0.316 3.6311* 0.234* 3545**

Year 1995

-0.142 -0.294 -0.067 -0.314 0.658** 0,9571*

1.277*1 5.280** 0.6701* 3.360*1

Year 1996

-0.027 -0.038 -0.211 -0.512 0.788*1 1.173*1

-0.204 0.155 0.211 1.444*

Year 1997

-0.186

-0.224

-0.189 -0.251 .0.721* 0.739*1 1.1921*

-0.306

0.525**

0.597 -0.148 -0.716

Year 1998

-0.199 -0.186 -0.652 0.671*1 1.119**

0.253 -0.169 -1.052

Year 1999

-0.233 -0.214 -0.009 -0.014 0.432*1 0.786**

0.629** 0.286 .0.233* .1648*

R2/j likelihood

.0384* -0.443 -0.21 .0667* 0.566*1 0.984*1

0.488** 0.509 .0.250* -1.406

Root MSE/Insj ma
0.656 -7124 0.507 -5195 0.6 -8172

-0.095 l.612** 0.269* 1.727*

2.365 1.185 2.219 1.397 2,573

0.544 -4889 0.26 -2141

1.226 2.863 1.724 1.678 1.888



Table 2.8 (continued: TE exports to developed countries
6. Basic 7. Machinery and 8. Miscellaneous 9. Goods not

Variable 5. Chemicals Manufactures Transport Equip. Manufactures Classified by Kind
OLS Tobjt OLS Tobit OLS Tobit OLS Tobit OLS Tobit

ExporterGDP 1.468*1 2.1661* 1.350*1 1.578*1 I.015** 1.4181* 0.8571* 1.1091* 08281* 2.250*1

E ImporterGDP 1.0701* 1.6971* 1.211** 1.500*1 0.843*1 1.235** 0.955*1 1.2621* 0.8511* 2.5041*
LmporterGDPpercapita 0.704** 0.343 0.359 0.128 -0.021 -0.47 3550*1 4.3821* 2.5711* 6.22l
ExporterGDPpercapita 0.516*1 1.551*1 0.074 0.066 0.918** 1.3071* -0.084 -0.145 -0.321 -0.621
Exporter HDI 4.2161* 3.897* 3.592*1 4.927** 6.558** 9.673** 4774** 7.0101* 1.785 7.214*

Exporter Land/Labor) -0.122 .0.4411* 0.121 0.078 .0.2121* .0.243* .0.1931* .0.238*1 0.2541* 0.284
; Distance _l.018** .1.6031* _1.422** -1.740k -1 0881* .1549*1 .1.036** 1.373** 0.399** _1.8l3**
C) 3 Marketsandlradelndex 1.7981* 3%7*t l.121** l.l00 0.35 0.195 -0.309 -0.405 1.238*1 30451*

BorderDummy 1.3651* 0.769*1 Q734** 0.357*1 1.2531* 0.702*1 1.543*1 1.120** 2.4141* 2.6511*
F1'A Dummy 0.764** 0.573*1 0.582*1 0.464** 1.0851* 0.803** 1.019 0.8411* 0.517*1 0.818
Caucasus .0.781*1 .1.118** 0.998** .1.4281* .0.478** -0.246 .2.101** .2.8551* 0.272 1.164*

$ AsianpartoftheFSU .0.539** 0.644* -0.265 -0.246 .1.1951* .2.276** .2.610*1 .4.0171* -0.236 -0.03
Baltic Rim 0.560 1.440** 1.227** 1.8201* .0.465* 0.229 1.137*1 1.713*1 -0.322 0.594
Eastern Europe 0.031 0.245 0.7791* 1.023** 0.420*1 0.802*1 1.446*1 1.7971* 0359* 1.7621*
South-Eastern Europe .0.397* .1.230** 0.771** 0.849*1 0.929** 0.7711* 1.401** 1.3951* 1.053** 1.897**
Year 1994 0.138 0.091 0.294* 0.333 0.376*1 0.458* 0.3961* 0.489*1 0.028 0.109
Year 1995 0.266* 0.292 0.538*1 0.7021* 0.635** 0.919*1 0.43 1** 0.5661* -0.026 0.219
Year 1996 -0.025 0.014 0.252 0.380* 0.557*1 0.846*1 0.478** 0.6781* -0.229 -0.196
Year 1997 -0.18 -0.237 0.429*1 0.618*1 Q749** 1.2381* 0.513*1 0.761*1 -0.174 0.008

j
Year 1998 .0.287* -0.302 0.305* 0434* 0.7501* 1.1881* 0.5081* 0.7291* -0.085 0.142
Year 1999 .0.539*1 .0.6361* 0.300* 0.4731* 0.664*1 1.0471* 0.414*1 0.637*1 .0.4741* -0.736
R2/ Log likelihood 0.73 -6842 0.726 -8258 0.774 -7144 0.8 -7109 0.494 -4845

RootMSE/lnsigma 2.211 1.086 2.233 1.002 2.056 0.975 1.911 0.854 2.333 1.513
Notes: I, **

- the coefficient estimates are significant at 5% and 1% significance levels respectively.
The number of observations in each industry-level regression is 4025



Table 2.9: Ex or

Variable

. Lx orter GDP

. Em orter GDP

Im orter GDP

. Lx otter GDP
9.0 Exorterj-j
> Ex otter Land/i

Distaj

3.0 Marke and Tra
Border Dumm

FTA Dummy

Asian artof
Baltic Rim

0 Etem Euro
South.Etem
Year 1994

Year 1995

Year 1996

Year 1997

Year 1998

Year 1999

Root MSE/lnsi

from developed countries to TEs

S. Chemicals
6.

Manufactures
Basic 7. Machinery and $. Miscellaneous

OLS Tobjt OLS
Trans ort E ui . Manufactures

9. Goods not
Classified b ICind

0.845** 1.041** 0.929**

Tobit

1.680**

OLS Tobjt OLS Tobit OLS Tobit

1.426** 1.674** 1.067** 1.630**

0.759** 1.250** 0.774** 1.987** 0.529** l.752**

ca ita .0727** .0.804** -0.238 .0.497*

1.185** 1753** 1.084** 2.217** 0.898** 2.248**

Ca ita 0,965** l.031** .1.126** 1.861**

0.228* 0.601** .0.532** .0878** -0.675 :21 J4**

3.991 4.271 9.613** 8.759

-0.237 -0,752 .l,216** .2.640s* 0.411 0.829

or) -0.024 -0.045 .0,219** 0439**

16.852** 27.688** 28.493** 544J5** 15,703** 36.029**

1770** .2.199** .1858** .3300**

-0.063 .0.164** .0.081* 0299** .0200** 0547**

Index 0.509* 0.573 159g*. 2.473**

1070** .l.683** 4663** 3977** 3.589**

o.558** 0.13! o.733** -0.366

0.669** l.021** -0.05 -0.463 0.427* 1.121

0.292* 0.095 0.899** 0.956**

2.052** 1.689** 3.013** l.809** 2.235** 1.313**

0.968** l.330*s 0.648** 1.555**

0.319* -0.038 0.295* -0.314 1.284** 2.372**

U 0.586* 0755** 0.118 0.416

-0.057 -0.292 0.206 0.655 0.443** l.955**

2.212** 2.876** 0.650** l,527**

.0.346* 0g73** -0.058 -0.248 -0.191 -0.314

1.314** 1.712** .0.353* -0.395

l.161** 2.243** 1,308** 3.639** 0.531** 2,229**

e 0.229 0.425 .l,698** .2349**

I.485** 2.339** 1.220** 2.650** 0.414** l,390**

0.141 0.203 0.206 0.374

1.485** 1.893** 0.773** 1.574** 0656** .1444**

0.370* 0.506* 0.166 0.377

0.089 0.154 0.188 0.575 0.123 0.426

0.643** 0.553** 0.524** 0.820**

0,318* 0.572* 0.272 0.857** 0,073 0.22

0.629** 0.860** 0.21 0.299

0.671** t.149** 1,oØ** 2.497** 0.494** 1.340**

0.660** 0.914** 0.002 0.013

0.894** 1.564** l.405** 3,222** 0.761** l.952**

0.158 0.353 Ø394* .0534*
0.973** l.687** l.304** 3.094*t 0.656** 1.747**

0.542 -9206 0.575 -7485

0.770** l.363** 0.940** 2,356** 0.274 0.915*

2.618 1.168 2.434 1.244

0.625 -7383 0.565 -6075 0.434 549

2.305 1.212 2.449 1.41 2,377 1.546



Table 2.9 Continued Ex orts from devejo ed countries to TEs
6. Basic 7. Machinery and s. Miscellaneous 9. Goods not

Variable S. Chemicals Manufactures Trans ort £ ui . Manufactures Classified b }(ind
OLS Tobjt OLS Tbjt OLS Tobit OLS Tobjt OLS Tobjt

Ex orterGDp 0.899** l,16$** l.130** I.391** 1.129** l.271** 1072** 1,268** l,225** 2.384**
Im oerGDp 1.208** 1.419** l.295** 1.491** l.235** 1.339** 1.281** 1.424** 0973** 178I**
Tm oerGDp erca ita 0.094 0.089 0.094 0.14 O.303** O.329** 0.301** 0.374** -0165 -0.291
Ex oerGDp erca ita 2.l8O** 2.470** -0.214 -0,286 l.694** l,674** 1174** 1j37** 3,448** 4995**
Ex oerHDJ 9.885** 8.170* 8.915** 7.022* 21.581** 22.684** -2.384 -4.033 8.SO4 32.451**
Ex oer Land/tabor) 0.58O** O.690** O.262** .O,327** 0458** 0.510** O.294** 0,342** 0.1 l5 0.109
Distance l.755** .2.222** 2.066** 2.476** l.734** 1935** 1.774** 2.059** 0.959** 2.299**
Markets and Trade Index Q999t* 1.209** 0.164 0.129 0.412* 0.429* 0.781** 0,870** 0.073 -0.209
Borderm 0.455** -0.012 0.535** 0.092 0.551** 0.352** 0.487** 0.161 I.405** 0.880**

A Dumm 0.276** 0.031 0.124 -0.141 0.275** O.43O** -0.058 0.262** 0779** 0.8I5**
Caucasus 0.393** 0.597** 0.479** 0.701** 0.645** 0.783** O,759** 0.980** 0.129 0.387
Asian aoftheFSU 0.112 0.191 -0.076 -0.059 0.533** 0,613** 0,116 0.168 0.387* 1,030**
BalticRjm 1.122** l,619** 1,477** 1.960** l.456** 1,721** 1.525** 1.885** 0,645** l.861**

O EastemE0 0,807** l.017** l.217** 1,495** !,031** 1.179** 0.757** 0,897** 0.991** 2.046**
SouthEastemEuro e 0,402** 0.521** 0,917** 1.113** 1.046** l.174** 0,408** 0.485** 0.332 0.631
Year 1994 0,332** 0.456** 0.405** 0.529** 0.357** 0.428** 0.387** 0.473** 0.116 0.239
Year 1995 0.472** 0.672** 0.770** 1,003** 0,555** 0.676** 0.600** 0,741** 0.428** 0.970**
Year 1996 0.731** 0.908** 1.303** !,559** l.231** l.382** 0,773** O.919** 0.286 0,985**
Year 1997 0.905** l.08O** 1,44Ø** 1,685** 1.543** 1.727** 0.815** 0.961** 0.919** 2.333**
Year 1998 0.892** l,092** 1.591** l.885** 1.541** l.731** 0,896** 1.056** 0.988** 2.392**
Year 1999 0.606** 0.808** l.197** 1.460** 1.231** 1,417** 0.702** 0.873** 0.650** 1773**
R2/Lo likelihood 0,763 -7913 0.783 -7921 0.785 -8190 0.797 -7718 0.55 -6737

Root MSE/lnsj ma 1.921 0.832 1.868 0.785 1.828 0.726 1.679 0.659 2.538 1.387
Notes: ** - the coefficient estimates are significant at 5% and 1% significaç levels respectively.
The number of observation5 in each industiy_levej regression is 4140



Table 2.10: TE exoorts to develoDed countries: interDretation ofdummy variables
Dummy Variable SITC 0 SITC 1 SITC 2 SITC 3 SITC 4

Trade Cost Dummies OLS Tobit OLS Tobit OLS Tobit OLS Tobit OLS Tobit
Border Dummy 397*1 135*1 142*1 147 282*1 761* 1875** 102 3421* 945*1
FTADummy 4J* -1 120*1 192** 1481* 102** 2111* 144*1 36** 199

Caucasus .601* _74** _38** .81*1 -30 -34 801* 110e311 10 _l00**
AsianpartoftheFSU .88*1 ..97** .841* -100 631* 186*1 .92*1 .961* 7 -72
Baltic Rim 4781* 1861*1 _56** 88** 27471* 159771* 30661* 101e611 ..441* -90
Central-Eastern Europe 2321* 4771* 1057*1 7300*1 217** 567*1 37 3675*1 26* 33641*
South-Eastern Europe 231*1 1431* 503*1 886*1 731* 203*1 259*1 j9537** 951* 27791*
Year 1994 -13 -25 -6 -27 93*1 1601* -18 17 23 324*
Year 1995 -3 -4 -19 -40 120*1 2231* -26 82 -14 -51
Year 1996 -17 -17 -22 .51* 1091* 2291* .41*1 29 -16 -65
Year 1997 -20 -18 -17 -48 96*1 206*1 471* 33 -21 .81*
Year 1998 -21 -19 1 -1 54*1 1191* 39*1 66 .22* 75
Year 1999 .32* -36 -19 ..491 761* 168*1 -9 401 .24* .82*

Trade Cost Dummies SITC S SITC 6 SITC 7 SITC 8 SITC 9
BorderDummy 2921* 116*1 108*1 43*1 2501* 102*1 3681* 206*1 1018*1 1317*1
FTADummy I15 77*1 791* 591* 1961* 1231* 177 132*1 681* 1271*

Caucasus .541* .67*1 .631* .76*1 ..38** -22 88** ..94** 31 220*
AsianpartoftheFSU _42** ..47* -23 -22 .701* ..9Ø*s .931* .981* -21 -3
Baltic Rim 75* 322*1 241*1 517*1 .37* 26 212*1 4551* -28 81
Central-Eastern Europe 3 28 118*1 178*1 52*1 1231* 3251* 5031* 43* 4821*

South-EasternEurope .33* .711* 116*1 134*1 153*1 1161* 306*1 303*1 1871* 567*1
Year 1994 15 10 34* 40 461* 58* 491* 63*1 3 12
Year 1995 30* 34 711* 102*1 891* 1511* 541* 761* -3 24
Year 1996 -2 1 29 46* 751* 1331* 61*1 971* -20 -18
Year 1997 -16 -21 541* 861* 1111* 2451* 671* 114*1 -16 1

Year 1998 _25* -26 36* 54* 112*1 228*1 661* 107*1 -8 15
Year 1999 .42*1 47*1 35* 60*1 94*1 185*1 51*1 891* 381* -52

Notes: * and 1*
reflect the significance level of the corresponding coefficient estimates from table 5.



Table 2.11: Exports from developed countries to TEs: internretation of thimmv varbthle.c
Dummy Variable

-

SITC 0 SITC 1 SITC 2 SITC 3 SITC 4
Trade Cost Dummies OLS Tobit OLS Tobit OLS Tobit OLS Tobit OLS Tobit

BorderDummy 75** 14 l08 -31 678** 441** 1935** 510** 835 272**
FTA Dummy 34* 10 146** 160** 38* 4 34* -27 261** 972**

Caucasus 163** 278** 9j** 374** -6 -25 23 93 56** 606**

AsianpartoftheFSU .44** ..53** 13 52 .29* .58** -6 -22 -17 -27
Baltic Rim 813** 1674** 92** 360** 219** 842** 270** 3705** 7Ø** 829**
Central-Eastern Europe 272** 454** .30* 33 341** 937** 239** l315 5j** 301**

South-EasternEurope 26 53 .82** .90** 341** 564** 117** 383** _4g** _76**
Year 1994 15 23 23 45 9 17 21 78 13 53
Year 1995 45* 66* 18 46 37* 77* 31 136** 8 25
Year 1996 9Ø** 135** 69 127** 96** 216** 194** 1115 64 282**
Year 1997 88** 136** 23 35 144** 378** 308** 2408** 114** 604**
Year 1998 93** 149** 0 1 165** 440** 268** 2107** 93** 474**
Year 1999 17 42 .33* .41* 116** 291** 156** 955** 32 150*

Trade Cost Dummies SITC 5 SITC 6 SITC 7 SITC 8 SITC 9
BorderDummy 58** -1 71** 10 73** 42** 63** 17 308** 141**
FTADummy 32** 3 13 -13 _24** ..35** -6 _23** 118** 126**

Caucasus 48** 82** 61** 102** 9j** 119** 114** 166** 14 47

AsianpartoftheFSU 12 21 -7 -6 7Ø** 85** 12 18 .32* ..64**
Baltic Rim 207** 405** 338** 610** 329** 459** 360** 559** 9j** 543**
Central-Eastern Europe 124** 176** 238** 346** 180** 225** 113** 145** 169** 674**

South-Eastern Europe 49** 68** 150** 204** 185** 223** 5Ø** 62** 39 88
Year 1994 39** 5** 50** 7Ø** 43** 53** 47** 60** 12 27
Year 1995 60** 96** 116** 173** 74** 97** 82** 110 53** 164**
Year 1996 108** 148** 268** 375** 242** 298** 117** 151** 33 168**
Year 1997 147** 194** 322** 439** 368** 462** 126** 161** 151 931**
Year 1998 144** 198** 391** 561** 367** 465** j45** 187** 169** 994**
Year 1999 33t* 124** 231** 331** 242** 312** 102** 139** 92** 489**

INoes: ana renect me signiticance level of the corresponding coefficient estimates from table 6.



Table 2.12: TE exnorts to develonM oiintrip h'u nrk'.1c I ct

Variable S1TCO

-

SITC1 SITC2__________ I SITC3 SITC4
Period I Period 2 Period 1 Period 2 Period 1 Period 2 Period I Period 2 Period I Period 2

ExporterGDP 1.120*4 1.252*4 0.761 0.718 1.4l1 1.672 1.529 l.404 0.263 0.230
ImporterGDP 0.9324* 0.943 0.5474* 0.681** 1.152 1.2094* 0.642 0.700 0.2334* 0.216
Importer GDP per cap 1.474 0.858 2.380 2.057 .0.904* -O.914 -0.662 -0.889 -0.045 0.368

ExporterGDPpercap -0.014 .1.204*4 0.275 _1.700** -3.045 ..2.301** .2.6134* ..3.011** 0.659* -0.062
Exporter HDI 1.861 6.582 -2.091 5.078 l0.753 1I.797 5.307* 13.608 .3,597*4 -0.498
Exporter Land/Labor 0.164 0.376 0.199 0.719** 0.282 0.006 1.247** 1.7584* 0.257*4 -0.037
Distance -0.892 .1.095*4 -0.327 -0.170k -l.766 1.323 -1.421 .0.506*4 .0.373*4
Markets&Trade Index l.760 1.873 1.3594* 1.284 .0.881* .2.137*4 -0.104 0.12 0.496 0.332

BorderDummy 1.868* 1.3644* 0.583* 1.1954* 1.429*4 1.0824* 3.0224* 2.743*4 J,799** 1.2254*
FTA Dummy 0.288 0.306 0.660 0.8904* 0.720*4 0.976*4 1.1884* 0.639* 0.566 0.322k
Caucasus -0.513 0998** 0.153 -1.010 -1OO6 -0.37 0.078 0.614 0.503k -0.083
Asian part of the FSU -1.472 .2.4774* _1.186** .2.3564* 0.708 -0.218 -2,460 -2.65O 0.226 -0.024
Baltic Rim 1.726 1.925 0.937** -0.742 3.216 3.672 3.276** 4.102 -0.543 -0.659
Eastern Europe 1.544 0.9834* 1.9654* 2.863** 1.207 1.271 0.372 0.404 0.327 0.077
South-Eastern Europe 1.2374* 1.l84 1.0844* 2.4324* 0.592 0.584 0.853 1.883 0.701 0.51 l
Year 1994 -0.126 -0.044 0.567 -0.193 0.218
Year 1995 -0.036 -0.225 0.7304* -0.265 -0.209
Year 1998 -0,05 0,093 ..Q379* -0.022 -0.016
Year 1999 -0.196 -0.114 -0.295 0.324 -0.041

R2/ Log likelihood 0.66 0.653 0.498 0.524 0.58! 0.637 0.525 0.567 0.279 0.255
Root MSE/lnsigma 2,39 2.347 2.208 2.218 2.654 2.453 2.931 2.804 1.787 1.555



Table 2.12 (continued): TE exDorts to develo )ed countries by nerin-lc I et Qnh12r.c_________________________ r-
Variable SITC 0 SITC 1 SITC 2_________ SITC 3 SITC 4

Period 1 Period 2 Period I Period 2 Period I Period 2 Period I Period 2 Period I Period 2
ExporterGDP 1.507** 1.447** 1.339** 1.377** 0.983** 1.047** 0.948** 0.788** 0.780** 0.879**
Importer GDP I.065** 1.083** I.185** 1.221** 0.793** 0.887** 0.905** 1.017** 0.762** Q954**
ImporterGDPpercap 0.359 0.987** 1.049** -0.362 -0.435 0.644* 3.401** 3.764** 2.3l8** 2.633**

ExporterGDPpercap -0.426 -0.467 0.059 .1.580** 0.275 1.038** 0.077 1.085** 0.036 0.228
. Exporter HDI 7.998** 15.838** 2.914 21.261** 9.150** 25.950** 39Ø3** 13.771** -0.282 -3.978

ExporterLand/Labor 0.315* 0.125 -0.019 0.321** -0.088 -0.155 0.212* -0.075 0.419** 0.147

,00
Distance _l.111** _0.922** _1.515** _1.317** _1.126** _1.075** _1.106** _0.920** _0.303** _0.476**

0 Markets&Trade Index l.366**
-

1.959** 1.793** 0.586 0.111
______

0.602* -0.164 -0.286 1.70l** 0.976**
Border Dummy I.352** I.374** 0.779** 0.538* l.329** 1.000 I.547** l.488** 2.532** 2.137**
FTA Dummy 0.647** 0.952** 0.023 1.053** 0.616** 1.345** 0.623** 1.461** 0.560** 0.687**
Caucasus 0.822** I.3l1** 0.70S* _2.014** 0.527* _1.340** _1.450** _2.958** 0.511 0.39

. AsianpartoftheFSU -0.537 -0.80I -0.007 0.716* 1.341** J499** _1.907** _3.409** -0.471 -0.12
Baltic Rim 1.181** 0.098 1.221* 0.93 l** -0.171 -0.479 l.723** 0.632* 0.401 0.523
Eastern Europe 0.187 -0.070 0.787** 0.556* 0.768** 0.307 I.936** I.099** 0.379 0.118
South-Eastern Europe -0,512 -0.433 0.922** 0.375 1.141** 0.884** 1.818** 1.121** 1.324** 0.635*
Year 1994 0.157 0.208 0.385** Ø397** -0.007
Year 1995 0.381* 0.425** 0.754** 0.460** -0.117

0
Year 1998 0.310* 0.433**_______ _______ 0,337** -0.163 0.184
Year 1999 0.632** 0.512** 0.541** 0.304* -0.184
R2/Loglikelihood 0.723 0.742 0.721 0.736 0.757 0.798 0.791 0.806 0.51 0.482

Root MSE/lnsigma 2.256 2.149 2.278 2.172 2.106 1.958 1.948 1.892
I 2.272 2.401

.
________iII LIUI4CS Ukfl oc signuicanuy airierent at YYo stgniflcance level across the periods are shown in bold.

** - the coefficient estimates are significant at 5% and 1% significance levels respectively.
The number of observations in each period for all regression is 1725.

Jl



Table 2.13: Exnorts from develcind i'niintrie tc Tcv Iw rr-1, I n'+ ,.,,...,.

Variable SITC 0
.1

SITC I SITC 2 SITC 3 SITC 4
Period 1 Period 2 Period I Period 2 Period I Period 2 Period I Period 2 Period 1 Period 2

;
ExporterGDP 0.821** 0.839** 0.784** 1.045** 0.765** 0.745** 0.695** 0.845** 0,511** 0.590**.c

. Importer GDP I.532** 1.342** 1.205** 0.956* 1.222**
_________

1.185**
________

1.083** I.027** 0.830** 0.994**

Importer GDP per cap 0.823** 0.704** -0.18 0.411* 0.24 0.122 -0.242 0.650** 0.472** 0.872**

ExporterGDPpercap 0.647 0.983 1.071** -0.91 0.594 2.102** 0.215 _3.762** 1.332** -1.158k
Exporter HDI 18.660** 0.061 21.210** 3.423 4.417 34.841** 11.125* 51.352** -3.721 31.569**

ExporterLand/Labor 0.212** 0.085 O.372** -0.106 -0.026 -0.131 -0.042 0.1I6* -0.065 0.259**
Distance _1.776** _1.713** _l904** _1.712** -1.001' -1.l24 _I.516** _1.833** _1.026** _1.012**

C) 3 Markets&Trade Index 0.657* 0.498 1.662** 1.158** 0.794** 0.597 -0.28 0.258 0.661* 0.227
Border Dummy 0.722* 0.465 0.767** 0.909** 2.266** 1.786** 3.241** 2.73l** 2.061** 2.169**
FTA Dummy 0.25 0.2 0.793** 1.177** -0.069 0.670** 0.423* 0.233 0.883** 1.692**
Caucasus 1.260** 0.921** 0.760** 0.643* 0.373 -0.361 0.505 0.119 0.621k 0.383
Asian part of the FSU -0.299 0.834** 0.367 -0.396 0.182 _0.803** 0.288 -0.087 -0.251 -0.172
Baltic Rim 2.141** 2.567** 0.813** 0.685* 1.462** 0.823** l.494** 1.384** 0.304 0.59
Eastern Europe l.552** 1.299** -0.163 -0.224 2.084** 0.963** l.551' l.119 0.361 0.415
South-Eastern Europe 0.573 0.159 .1.934** 1.212** 2.0S0' 0.972** 0.969** 0.709* -0.498 0.982**
Year 1994 0.04 0.143 0.144 0.317* 0.219
Year 1995 0.27 0.113 0.412** 0.396* 0.189
Year 1998 0.05 -0.185 0.01 -0.184 -0.167
Year 1999 0.417** 0.528** 0.288* 0.664** 0.638**

R2/ Log likelihood 0.571 0.52 0.614 0.557 0.61 0.647 0.555 0.587 0.404 0.467
Root MSE/lnsigma 2.615 2.586 2.328 2.477 2.357 2.215 2.44 2.397 2.365 2.367



Table 2.13 (continued): Exnorts from develoned cniintrie fn TPe h, nprir,-h, I of
_________________________________________ - - - '.'J ? h_d#t.1.fl LjI4aL1.

SITC 0 SITC 1 SITC 2 SITC 3 SITC 4Variable __________- Period 1 Period 2 Period I Period 2 Period I Period 2 Period I Period 2 Period I Period 2
ExporterGDP 0.819** 0.936** 1.011 1.2201* 1.037*1 1.153** 1.037*1 1.100 1.156*1 l.270**
ImporterGDP 1.195*1 1.250** 1.3811* 1.232** I.382** 1.153** 1.3631* 1.238*1 0.9641* 1.004*1

ImporterGDPpercap 0.137 0.055 0.337* -0.104 0.353* 0.215 0.4591* 0.146 0.03 0.366*

ExporterGDPpercap 2.820** 0.717 l.342** .2.7351* 2.6641* -0.155 1.478** 0.688 5.0871* -0.105
Exporter HDI 15.666*1 20.303*1 -2.032 26.9651* 24.3691* 33.647*1 .8.643* 4.478 .27.72** 47.5031*
ExporterLand/Labor .0.6641* .0.578*1 .0.2791* 0.283** .0.5351* .0.474*1 0.281** .0.3311* 0.181*1 0.035

, Distance .1.5951* .1.8871* .1.9631* 2.138** .1.611*1 .1.817*1 .1.744** _1.755** _0.588** .1.4061*
0 Markets&Trade Index 0.828** 0,7651* 0.011 -0.253 0.215 0.347 0.426 0.8921* 0.291 -0.16

BorderDummy 0.713** 0.202 0.8391* 0.25 0.814** 0.302 0.656** 0.385* 1.7411* 0.8261*
FTA Dummy -0.031 0.444** -0.12 0.490** .0.480** -0.023 -0.281 0.228 I.098** 0.392
Caucasus 0.333 0.782*1 0.654*1 0.605** 0.653*1 0.914*1 0.833** 0.8301* 0.219 0.254

. AsianpartoftheFSU 0.236 0.143 0.266 _0.428** 0.673** 0.561*1 0.292 0.029 -0.307 -0.37
BalticRim 1.0831* 1.3411* 1.7431* 1.3471* 1.6981* 1.4141* 1.661*1 1.463*1 0.722* 1.0441*
Eastern Europe 1.265** 0.622*1 1.689** 1.026** 1.569** 0.738*1 1.0771* 0.5741* 1.113*1 1.0821*
South-Eastern Europe 0.952** 0.213 1.423** 0.6471* 1.492** 0.8281* 0.828*1 0.153 0.075 0.8291*
Year 1994 0.303* 0.488*1 0357*1 0.475*1 0.3 10*
Year 1995 0.472*1 0.878*1 0.5781* 0.744*1 0.5741*
Year 1998 -0.051 0.084 -0.045 0.054 -0.078
Year 1999 .0.386*1 .0.385*1 .0.399*1 -0.178 0.640**

R2/ Log likelihood 0.742 0.788 0.774 0.808 0.787 0.797 0.786 0.8 12 0.537 0.585
Root MSE/lnsigma 2.043 1.787 1.951 1.713 1.877 1.704 1.774 1.566 2.519 2.486

Nintac- Tha rnaA...* ..,.e&.... .L.., -------------- ,.rg............... ._ . . -

't&'taIvs L1141 ur signiiicarniy airierent at YVo signincance level across the periods are shown in bold.
** - the coefficient estimates are significant at 5% and 1% significance levels respectively. The number of observations is 1748 in period I and

1794 in period II for all industries.



Table 2.14: TE exnorts to develoned countries by neriods Tnhit

Variable SITC 0 SITC 1 SITC 2 SITC 3 SITC 4

Period 1 Period 2 Period I Period 2 Period 1 Period 2 Period I
_________
Period 2

_________
Period 1

_________
Period 2

ExporterGDP 1.820** 1.851** 1.909** 1.120** 1.943** 2.208** 4547** 4.295** 2.052** 2.845**

. Importer GDP 1.596** 1.484** I.440** 1.532** 1.773** 1.755** 2.302** 2.360** 2.202** 2.451**

lmporterGDPpercap 1.734** 0.711 5.637** 4.085** 1.794** 1.530** 3.729** ..399g** -2.085 2.367

ExporterGDPpercap 0.815 -0.039 3.640** ..4474** 4.154** 3.279** 4.285** 5.482** 6.00l** 9.183k

. Exporter HDL 0.224 -1.839 19.02** 22.318* 14.624** 19.727** 14.737* 37374* 31.92** 95445*

Exporter Land/Labor -0.062 0.154 0.388 1.770** 0.272 -0.057 2.083** 2.996** 2.295** -1.368

, Distance .1.538** _1.772** _1.303** _0.748** 2.885** 2.588** 4.902** 5.201** _4.185** .4.027**
O B Markets&Trade Index 3.237** 3.918** 6.316** 7.732** _1.649** _3.525** 744g** 6.072** 0.522 10.437**

Border Dummy 1.165** 0.623 0.211 1.400** 0.57 0.269 1.092 0.073 3.418** 1.691

FFA Dummy -0.065 -0.073 0.686 l.161** 0.405 0.789* 1.234* 0.027 2.236* 1.533

Caucasus -0.982 -0.72 2.016 _4.588** 1.611** -0.32 4.904** 7.532** -20.216 -18.928

Asian part of the FSU 2.847** _3.919** -24.907 _7.884** 1.484** -0.043 3.124* 3.076** -0.373 -3.885

Baltic Rim 3Ø93** 2.934** 2.515** 2.635** 5.037** 5.542** 14.236** 14.832** -0.648 5.760*
0 Eastern Europe 2.428** 1.186** 3,965** 4.490** 2.045** 2.164** 4.548** 3735** 5.042** 0.367

South-Eastern Europe 1.130* 0.581 1.644* 3.448** 1.264* 1.223** 5349** 6.444** 5.662** -1.984

Year 1994 -0.262 -0.228 0.835** 0.2 13 1.657*

Year 1995 -0.046 -0.611 1.122** 0.719 -0.623

0
Year 1998 0.153 0.053 0.612** -0.318 2.08 I

Year 1999 -0.018 -0.571 Q499*
_______ _______

0.648
_______ _______

2.035

R2/ Log likelihood -2948 -3127 -2064 -2345 -3493 -3445 -2120 -2088 -1008 -815

Root MSE/lnsigma 1,208 1.159 1.383 1.367 1.272 1.161 1.78 1.647 1.897 1.818



Table 2.14 (continued): TE exports to developed countries by periods, Tobit

Variable SITC 0 SITC 1 SITC 2 SITC 3 SITC 4
Period I Period 2 Period I Period 2 Period 1 Period 2 Period 1 Period 2 Period I Period 2

ExporterGDP 2.297** 2.124 l.599** 1.576** 1.403** 1.418** 1.280** 0.974** 2.189** 2.342
. Importer GDP 1.754** 1.679 l.508** l.470** 1.266** 1.194** 1.266** I.287** 2.340** 2.752**

ImporterGDPpercap -0.28 0.813 0.983* -0.73 -1.256 0.548 4.296** 4.505** 5.647** 6.365**

ExporterGDPpercap 0.104 1.364 0.12 1.867** 1.224* -0.258 0.4 -0.761 1.996 2.296
Exporter HDI 9.360** 8.87 3.336 25.640** 9.191** 24.138** 3.819 12.350** -6.793 -22.504
Exporter LandlLabor .0.777** -0.129 -0.111 0.338* 0.045 .0.307* -0.226 -0.132 0.702* -0.076
Distance _1.790** -1.441 _1.886** _1.578** .1.649** 1447** _1497** _1.175** _J5J9** .2.035**

0 Markets&Trade Index 2.615** 3.139 2.020** 0.342 -0.518 0.827 -0.34 -0.293 4345** 2.144*
Border Dummy 0.673 0.845 0.359 0.194 0.776* 0.54 1.051** 1.180** 3.072** 2.096**
VIA Dummy 0.343 0.877 -0.168 1.006** 0.344 1.147** 0.438* 1.413** 0.654 1.760**

Caucasus .1.315** -1.002 .1.246** ..2469** -0.429 .0.856* _2.176** 3557** 2.043* 2.295*
Asian part of the FSU -0.54 -0.941 0.065 .0.795* .2848** ..2172** .3.410** ..4722** -0.574 0.309j Baltic Rim 2.446** 0.727 1.843** 1.453** 0.752 0.02 2.54** 0.926* 0.736 -0.534

0 Eastern Europe 0.625 -0.007 1.015** 0.812* 1.501** 0.491 2.545** 1.274** 2.291** 0.684
South-Eastern Europe .1.180* -1.388 1.026* 0.471 1.545** 0.501 2.035** 1.022** 3.254** 0.413
Year 1994 0.118 0.217** 0.523** 0.507** 0.063
Year 1995 0.465* 0.546** 1.132** 0.605** 0.006**
Year 1998 -0.174 .0561** -0.333 -0.138 0.6970
Year 1999 .0.552 ..0610** .0567** -0.255 -0.046

R2/Log likelihood -2911 -2916 -3507 -3547 -2964 .3132 -2967 -3118 -1965 -2165
Root MSE/lnsigma 1.12 1.046 1.039 0.954 1.034 0.898 0.883 0.839 1.499 1.518

Notes: The coefficient estimates that are significantly different at 5% significance level across the periods are shown in bold.
- the coefficient estimates are significant at 5% and 1% significance levels respectively.

The number of observations in each period for all regressions is 1725.

L1



Table 2.15: EXDOI-tS from develoned countries to TPs hv nerind

Variable SITC 0 SITC 1 SITC 2 SITC 3 SITC 4
Period 1 Period 2 Period 1 Period 2 Period 1 Period 2

__________

Period 1
__________

Period 2
__________

Period I Period 2
Exporter GDP l.054** 1.001 1.456** 1.881** 1.349** 1.151** 1.955** 2.008** L840** 1.836**

. Importer GDP 1.884** 1.525** 1.851** 1.495** 1.991** 1.635** 2.606** 1.898** 2.439** 2.194**

ImporterGDPpercap 0.969** _0.756** -0.527 0.694* 0.421 0.540* -0.151 l.139** I.954** 2.340**

ExporterGDPpercap 0.534 1.133 2.351** -0.578 0.428 3.450** -0.547 6.049** 2.180* -0.884

Exporter HDI 22.914** -0.331 34377** -8.363 10.285 52.325** 34334** 83.687** 7.658 50.230**

Exporter LandlLabor _0.303** 0.087 0.758** _0.242** -0.147 0.234** 0.406** 0.244* 0.425* 0.494**

Distance _2.319** _2.033** 3437** _3.087** _l.676** _1.656** _4.028** 3.9l7** _3.958** _3343**
003 Markets&Tradelndex 0.789 0.543 2.703** I.866** 1.171* 0.739 1.70l* 0.211 2.176* 0.084

Border Dummy 0.174 0.147 -0.463 -0.1 1.961** 1.384** 2.046** 1.549** 0.923 1.214*

FTA Dummy -0.061 0.062 0.612 1.415** -0.589 0.426 -0.381 -0.109 1.166* 3777**
Caucasus 1.851** 1.198** 1.704** 1.585** 0.032 -0.404 1.565* 0.417 2.768** l.786**

AsianpartoftheFSU -0.362 _1.062** O.893** -0.52 0.142 _1.548** 0.706 -0.328 -0.919 -0.172

BalticRim 2.963** 3.161** 1.743** 1.619** 3.189** 1.566** 5.229** 3.131** 2.270* 1.573*
Q Eastern Europe 2.122** 1.631** -0.103 -0.187 3.693** 1.438** 4.296** 2.067** 1.679* 1.039

South-Eastern Europe 0.946 0.279 2.561** 1.774** 3.126** 1.054** 2.797** 1.075* -0.792 2.490**
Year 1994 0.082 0.219 0.234 0.881k 0.563

Year 1995 0.41 0.257 0.741** 1.269** 0.467a_______Year 1998 0.073 -0.236 0.027 -0.225 -0.269
Year 1999 _0.444* 0.686** 0.423*

_______ _______
_1.084**

_______
1.165**

R2/Log likelihood -3788 -4038 -3048 -3248 -2991 -3289 -2340 -2790 -2132 -2519

R00tMSE/lnsigma 1.19 1.131 1.184 1.273 1.276 1.124 1.462 1.331 1.62 1.467



Table 2.15 (continued): Exports from developed countries to TEs by periods. Tobit
SITC 0 SITC I SITC 2 SITC 3 SITC 4Variable-_________

Period I Period 2 Period I Period 2 Period I Period 2 Period 1 Period 2 Period 1 Period 21 ExporterGDP 1.121*1 1.1681* 1.314*1 1.4431* 1.1981* 1.263*1 1.2941* 1.2531* 2.4291* 2.267*1
ImporterGDP 1.4761* 1.4241* 1.669*1 1.369** 1.539*1 1.218*1 1,566*1 1.342*1 1.946*1 1.665*1

Importer GDP per cap 0.079 0.096 0.390* -0.041 0.372* 0.243 0.5481* 0.211 0.084 .0.630*
Exporter GDP per cap 2.9741* 1.237* 1.331** .2.828*1 2.6531* -0.161 1.3251* 0.773 8.4271* -1.01
Exporter HDI 18.8701* 16.744*1 -4.383 25.082** 28.7611* 33.769*1 .11.791* 2.868 .34,59*1 91.9061*
ExporterLandlLabor .0.8471* _0.646** .0.3811* 0.325** .0.6291* .Ø5Ø3** ..Ø354** 0.361** 0.194 0.012

, Distance .2.102*1 _2.297** _2.478** .2.438*1 1.850** _1.968** .2.1041* .1.976*1 _1.784** .2.7251*00
U Markets&Trade Index 0.9781* 0.8501* -0.162 -0,374 0.194 0,345 0.407 0.9911* 0.367 -1.048

Border Dummy 0.225 -0.214 0.267 -0.08 0.573* 0.154 0.241 0.138 1.4971* 0.061
FTA Dummy -0.387 0.259 0.504* 0.346 0.691** -0.123 .0.569** 0.092 1.238*1 0.4 12
Caucasus 0.469 1.1041* 0.904*1 0.846** 0.790*1 1.0591* 1.076*1 1.0291* 0.518 0.75
Asian part of the FSU 0.356 0.229 0.326 .0.457* 0.783*1 0.6441* 0.383 0.065 -0.838 0.9S6*
Baltic Rim 1.7191* 1.794*1 2.457*1 I.679 2.0441* 1.620*1 2.150** 1.724*1 2.389*1 2.246*1
Eastern Europe 1.681** 0.7721* 2.184*1 1.2201* I.829** 0.829*1 1.338** 0.654** 2.6351* 2.0141*
South-Eastern Europe 1.2741* 0.278 1.842** 0.730*1 1.726** 0.9051* 1.048** 0.158 0.528 1.269**
Year 1994 0.421* 0.641*1 0.4211* 0.5931* 0.548
Year 1995 0.700*1 1.177** 0.707*1 0.949*1 1.242*1
Year 1998 -0.022 0.132 -0.036 0.067 -0.1570
Year 1999 _Ø,347* .0.366*1 .0.387*1 -0.156 .1.0931*

R2/ Log likelihood -3348 -3376 -3302 -3366 -3437 -3477 -3264 -3282 -2652 -3096
Root MSE/lnsigma 0.924 0.731 0.857 0.671 0.773 0.629 0.739 0.564 1.445 1.285

Notes: The coefficient estimates that are significantly different at 5% significance level across the periods are shown in bold.
* * - the coefficient estimates are significant at 5% and 1% significance levels respectively.

The number of observations is 1748 in period I and 1794 in period H for all industries.
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Chapter 3

Estimating the Knowledge-Capital Model: an Additive
Nonparametric Regression Approach

3.1 Introduction

The scope of multinational activity worldwide has been growing steadily during the

last 25 years far outgrowing growth in GDP or even trade. There are a number of

factors that drive firms to place their production in two or more countries.

Horizontal multinational firms choose to place their production close to customers in

different countries to avoid trade costs. Vertical multinationals split their production

process into stages with different factor intensities and locate them in different

countries to take advantage of differences in factor prices.

Early theoretical work on multinational activity has been focusing on only one

type of multinationals only, giving rise to horizontal (Markusen, 1984) and vertical

(Helpman, 1984) models of multinational activity. The major limitation of these

models is their inability to simultaneously explain the activity of both types of

multinationals. Markusen (1997) and Markusen (2002) bridge this gap by developing

the Knowledge-Capital (KC) model which allows for the analysis of the activity of

both horizontal and vertical type multinationals. The model derives a very complex

and non-linear relationship between the volume of affiliate activity, defined as

production (and sales) by plants located abroad, and various home and foreign

country characteristics. Among these characteristics are economic size and resource

endowments of the countries, and also the levels of trade and investment costs. The

KC model predicts that horizontal affiliate production will be high if countries are

similar in size and trade costs are high, while differences in country sizes and relative

resource endowments result in increased vertical affiliate activity.
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A linear parametric specification of the KC model has been put to test in a

number of empirical studies. These studies find mixed evidence in support of the KC

model. Some of the disagreement in the results is due to using alternative definitions

of country size and resource endowment difference terms that appear in the model.

Carr et al. (2001) use GDP difference as a measure of home and host size difference,

and difference between the shares of skilled workers in total workforce in two

countries to measure differences in resource endowments. The results obtained based

on data on US outbound and inbound affiliate activity fit well with the theory: all the

estimated coefficients have signs as predicted by the KC model. Blonigen et al.

(2003) suggest using the absolute value of differences in country size and resource

endowments as the correct measure of the corresponding variables in the model.

When these new definitions are used the results change sharply: coefficient signs no

longer support the KC model.

Braconier et al. (2003) provide new evidence in favor of the KC model. The

authors derive the definitions for the difference variables directly from the theoretical

model, instead of using an indirect mapping from theory to empirics as has been

done before. In addition, they use an extensive data set that has better coverage of

different combinations of home and host countries compared to previous studies,

which make the results more reliable.

However, given the highly non-linear and non-monotonic nature of the KC

model, one should question the adequacy of using any linear parametric

specifications in analyzing this model. The restrictions imposed by such specification

are too limiting to allow exploring all the richness of the relationship between the

volume of affiliate sales and its determinants. It seems quite natural to explore

alternative, more flexible ways of estimating the KC model. This issue has not yet

been addressed in the empirical literature.

This chapter takes advantage of the recent theoretical and empirical

developments in the field of nonparametric econometric analysis to propose an

alternative way of estimating the KC model. Nonparametric estimation techniques
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allow for an extremely flexible way of modeling the problem at hand. They do not a

priori restrict the relationship between model variables to be of a specific functional

form. The only functional restriction that is imposed on the structure of the

nonparametric regression model is that of additive separability. This restriction is

minor compared to the rigid structure of linear parametric regression, and is

necessary to avoid a number of practical and theoretical problems in the framework

of multivariate regression estimation. Besides, the additive nonparametric regression

modeling (ANRM) allows for a straightforward interpretation of results.

There are a number of estimators that can be used in the framework of additive

nonparametric regression modeling. These estimators include the classical

backfitting estimator (Hastie and Tibshirani, 1990), the marginal integration

estimator (Linton and Nielsen, 1995; Tjøstheim and Auestad, 1994; Newey, 1994),

the hybrid estimator (Linton, 1997; Fan et al., 1998), and the recently developed

Smooth Backfitting Estimator (SBE) (Mammen et al., 1999). The latter estimator has

been shown to possess a range of advantages over the other estimators, including

well known asymptotic properties, efficiency, and robustness, and all this under

rather weak conditions. However, due to its novelty, the SBE estimator has not yet

been used in practice. This chapter is the first to implement the SBE and to apply the

estimator to analyze real life data. The implementation of the SBE follows the

algorithm developed by Nielsen and Sperlich (2005).

The results obtained from the ANRM estimation of the KC model are highly

nonlinear, suggesting that the conventional linear parametric modeling is indeed a

very rigid way of estimating the KC model. The new approach reveals many

interesting features of the relationship between the volume of affiliate sales and its

determinants, which are largely consistent with the theoretical predictions. In

particular, the central finding in this chapter is that the empirical evidence is

consistent with the hypothesis of greater divergence in resource endowments leading

to increased affiliate activity.



The first part of what follows is a short review of the literature devoted to the

Knowledge-Capital model of multinational activity and a brief description of the

model itself. The chapter then reviews the parametric empirical specifications used

to estimate the KC model and their results. Section 3.3 develops the nonparametric

additive regression estimator to be used to estimate the KC model and section 3.4

presents its implementation. Section 3.5 contains a detailed analysis of the results,

and finally, section 3.6 draws conclusions and discusses future theoretical and

empirical improvements that can be incorporated in the analysis of the KC model.

3.2 Literature Review

Horizontal multinationals have received a lot of attention in theory (Markusen, 1984,

Horstmann and Markusen, 1987, 1992; Brainard, 1993; Markusen and Venables,

2000). The horizontal model developed in these studies predicts that multinational

activity should be concentrated in countries that are relatively similar in size and in

relative endowments, while skill differences are negatively related to Foreign Direct

Investments (FDI). Empirical work by Brainard (1993), Brainard (1997), Ekholm

(1997), and Ekholm (1998) provides good support for these predictions. The major

limitation of the horizontal model is that it assumes only one factor of production,

which eliminates the factor-price motive for vertical multinationals: if different

activities (R&D and production) use factors in the same proportion then there is no

reason for vertical fragmentation of production across countries.

The vertical model of multinationals was first formalized by Helpman (1984). In

this model firms locate different activities in different countries to take advantage of

factor cost differences. The prediction of this model is that FDI should only flow

from the skill to the unskilled-labor abundant country. The major drawback of the

vertical model is that it relies on the assumption of no trade costs, ruling out any

motive for horizontal multinationals: when countries are identical in their resource

endowments there is no reason for multinational activity in the model.
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More recently, Markusen (1997) and Markusen (2002) have developed a model

that combines both horizontal and vertical motives for direct investments the

Knowledge-Capital (KC) model of multinational activity. This model assumes

positive trade costs and different factor intensities across production activities, which

give rise to both horizontal and vertical multinationals. The following subsection

discusses in some detail the theory behind the KC model.

3.2.1 The Theoretical Underpinnings of the KC Model

The KC model assumes two countries, home (denoted by i) and host (denoted by

j); two internationally immobile factors of production, skilled labor (5) and

unskilled labor (U); and two homogeneous goods Xand Y. Good Y is labor-intensive

and is produced in a competitive industry operating under constant returns to scale.

Good X is skill-labor intensive and is produced under increasing returns to scale in

an industry with Cournot competition with free entry and exit. Increasing returns to

scale in this industry arise because of firm level fixed costs (due to headquarter

activity) and plant-level fixed costs. Firms in industry Xcan physically separate more

skill-intensive headquarter services and more labor-intensive plant production and

place them in one or both countries, giving rise to foreign direct investment.

Each firm in industry X can be of one of the following three types: a national

firm that maintains a single plant and headquarters in one country and serve

international markets by exporting; a vertical multinational firm that is headquartered

in one country, has a production facility in another country and can export part of

their output to the home country; a horizontal multinational firm with headquarters in

one country and plants in both countries, which sell their entire output locally. It is

assumed that the geographic separation of headquarters and plants, and also

transportation of good X across borders is costly. All the firms in sector X compete

for their shares of the world market for good X.
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Given that there is Cournot competition among the firms, each firm can

determine its optimal level of output for the local and for the foreign markets.

Markusen (1997) and Markusen (2002) derive a set of inequalities that describe the

equilibrium in the KC model. Due to its analytical difficulty, the KC model is further

explored via numerical simulations (by calibrating firm fixed costs for different firm

types, and experimenting with different levels of trade and investment costs).

In the framework of the KC model, vertical multinationals arise to take

advantage of international difference in factor prices, with headquarters located in

more skilled-labor abundant country and production in unskilled-labor abundant

country. The incentive for vertical multinational activity is strongest when

headquarter skilled-labor abundant country is also small. Horizontal multinationals

arise in countries of similar size and resource endowments to avoid costly

transportation of product X. National firms will dominate if home country is large

and skilled-labor-intensive (domestic resources can support both large-scale

production and headquarter activity locally) and if both countries have similar

relative resource endowments and size (no motive for vertical FDI), and

transportation costs are high (no motive for horizontal FDI).

3.2.2 Parametric Empirical Estimations of the KC Model

There are a number of empirical papers that analyze the predictions of the

Knowledge-Capital model. The parametric estimation of the KC model has been

relying on the following specification, where square and interaction terms are

included to capture some of the non-linearity present in the model:

y =/3 +/11(x1)+fl2(x2)+fl3(x2)+/i4(x3)+fl5(x2 xx3) (3.1)

where n = 1,..., N indexes country-pairs composed of home country i and host

country j; 1, j = I,...C; C is the number of countries in the sample; N is the total
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number of country-pairs in the sample. The definition of variables is as follows: y is

the real volume of production (sales) by affiliates observed for country-pair n; x,1 is

the joint economic size of countries in pair n; x,2 captures the difference in country

sizes and x,3 is the difference in resource endowments for home and host countries

in pair n; XJ4 and xj5 measure costs of investing in, and exporting to the host

country j, correspondingly; x,6 measures cost of importing back to home country

/; and x,,., is the distance between countries in pair n. Table 3.1 summarizes the

expected signs on the coefficient estimates in the model.

The most distinguishing feature of the KC model is that divergence in relative

resource endowment can lead to increased affiliate activity, giving rise to vertical

multinationals (/33 is positive). In contrast, the horizontal model predicts that

differences in factor abundance reduce production by foreign affiliates in both

countries (/33 is negative). Empirical studies of the KC model have found mixed

evidence on how exactly differences in country relative endowments affect FDI.

Some of the controversies in the empirical literature on the KC model are due to

using different definitions and measurement of variables x2 and x,3. Alternative

approaches lead to drastically different empirical results from the KC model.

Carr et al. (2001), estimate a restricted version of model (3.1), which does not

include the term /32(x2) (/32 is restricted to 0). They use data on U.S. affiliate sales

abroad (outbound affiliate sales) and sales of foreign affiliates in the U.S. (inbound

affiliate sales) from 1986 through 1994. As a proxy for variable x2 the authors use

the difference in country GDP levels. x is measured by the difference in home and

host country skilled labor endowments, measured as the share of International Labor

Organization (ILO) occupational categories 0/1 (professional, technical, and kindred

workers) and 2 (administrative workers) in total employed labor. Their results are
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strongly supportive of the KC model: all the parameter estimates are statistically

significant with signs as expected.

Markusen and Maskus (1999, 2001) divide the same data set on US affiliate

activity into inbound and outbound FDI, and estimate equation (3.1) where fl2=0 for

each of these two subsets separately. Surprisingly, the results based on the outbound

U.S. data set do not conform to earlier findings in Carr et al.: it is found that skill

difference (home minus host) is significantly negatively related to the level of real

affiliate sales.

This puzzle is addressed in Blonigen et al. (2003). The authors point out that the

interpretation of the coefficients on difference terms in the model depends on

whether the sign of the difference is negative or positive. When the variables lie in

the positive range, increase in these variables corresponds to a greater inequality

between countries. However, when the variables take on negative values, parent and

host country differences converge as those values rise. To avoid any

misinterpretation problems, Blonigen et al. analyze equation (3.1) with fl2 =0 using

absolute values of skill and GDP differences. They find that the coefficient on both

the absolute skill difference term and its interaction with the absolute GDP

difference are statistically significant and are of the opposite signs to those of Carr et

al.: real affiliate sales decrease as skill levels diverge. This result is similar to the one

obtained by Markusen and Maskus (2001) for the outbound sample, where the skill

difference term lies predominantly in the positive region. Blonigen et al. show that

this result also holds for the inbound sample. Hence, they find no support for the

vertical component of the KC model for the entire range of values for skill difference

variable: there is no evidence that FDI may take place in order to benefit from factor

endowment differences across countries.

As a robustness check Blonigen et al. expand their sample to cover more

industries (Carr et al. use sales in the manufacturing sector only) and more countries

(by adding data on some OECD countries). In addition, they try alternative proxies
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for some of the variables in the model. In particular, data on average educational

attainment is used to measure country skilled-labor abundance. However, the

conclusion that factor endowment differences across countries do not encourage

(vertical) FDI is robust with respect to all these modifications.

The study by Braconier et al. (2003) provides new empirical evidence in favor of

the KC model and its vertical component. They use alternative definitions of the

country skilled-labor endowments and size difference terms, and also analyze an

expanded data set on affiliate activity.

In all previous empirical studies of the KC model country GDP difference is used

to proxy for difference in size between countries, while the difference in country

endowments is measured by difference in the levels of skilled-labor abundance. In

contrast, Braconier et al. use alternative definitions for the difference variables,

which they geometrically derive within the Edgeworth endowment box. Figure 3.1

shows the Edgeworth box (with its sides normalized to unit length7) The skill (labor)

endowment of country i relative to country j can be measured by s,
Si

Si + S

Iu
U1

Notice, that the position of point A inside the box is completely
U,+U,)

described by s and u.

Braconier et al. define the size of country i relative to country j to be equal to

the length of the ray from country I 's origin to point A, which geometrically is

calculated as = + u . Country i 's skill abundance relative to country j

The sides of the Edgeworth box are divided by S, and U , where
1,

= S + S. and

U = U. + U1; S., U1 and S, U are skilled- and unskilled-labor endowments in countries I

and j respectively.



is measured by SKJLL = -. These two variables are then used to proxy x2 and x3

Un

in model (3.1).

In addition, to these changes Braconier et al. also use a new data set on affiliate

sales, which has a superior coverage of home and host countries as compared to

previous studies. The KC model predicts that vertical FDI should primarily flow

from small skilled-labor abundant countries (where headquarters are located) to large

unskilled-labor abundant countries (where production takes place). Earlier

estimations of the KC model, however, rely on data sets that do not contain many

such combinations of home and host countries. In contrast, the new data set provides

a better coverage of factor endowment combinations where vertical FDI should

occur.

One common feature of the empirical studies discussed in this section is that they

all rely on a linear parametric specification of the KC model. A disadvantage of this

specification is that it stipulates a linear or, at best, a u-shaped relationship between

the dependent variable and the regressors in the model. In the meantime, theory

suggests a highly non-linear relationship between the volume of affiliate sales and its

determinants in the KC model, and a simple linear parametric specification seems

rather restrictive for estimating such a complex model. To gain a better

understanding of the nature of the relationship in the KC model it is necessary to

allow for greater flexibility in the empirical specification of that model.

3.3 Nonparametric Estimation of the KC Model

The main purpose of this chapter is to provide an alternative, more flexible way of

estimating the KC model. This is done by using a nonparametric regression model.

This approach allows estimating the relationship between the dependent variable and

the determinants in the model without a priori imposing a rigid functional form on

the nature of this relationship. The only functional restriction imposed is additive
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separability of the regression model. In other words, when estimating the KC model

it is assumed that the volume of affiliate sales can be expressed as a sum of

components, which are univariate functions of the determinants in the model. But

there is no functional structure being imposed on any of those components. This

approach allows for much greater flexibility in the empirical specification of the

model compared to a more conventional parametric model.

The estimation in this chapter is carried out using the SBE estimator, more

specifically, the local constant SBE, which is defined using the multi-dimensional

Nadaraya-Watson (NW) regression estimator. The rest of this section describes the

local constant SBE estimator and its asymptotic properties and also discusses the

steps involved in the estimation procedure.

The additive nonparametric regression model I consider is given by:

= m0 +mfl(xfld)+efl, n =l,...,N (3.2)

where N is the total number of observations from a set of random variables,

= E(y) and E{md(xfld)} = 0 (d=1,... 7) for identification, and E( Ix) = 0,

x R7. This model includes the variables that according to the KC theory

determine the level of affiliate sales across countries. It does not include any second

order terms (interaction and square terms) present in parametric specification (3.1),

since all the nonlinearity in model (3.2) is directly captured through the flexible

structure of its components. In the discussion below the index n on the variables is

suppressed when unnecessary to simplif' the notation.

The Local Constant SBE can be viewed as a projection of the multi-dimensional

Nadaraya-Watson (NW) estimator on the additive space, where the multi-

dimensional NW estimator with product kernel is defined as:
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N 7 1XaXa'
'yn

(x) = (x1,...,x7) n=' d=2 h )
N 7

JJK
n=I d=2 h J

whereK(-) is the kernel function. The following condition is set to ensure

identifiability

=0 d=l,...,7

where Pa () is the marginal density of Xd. Let Pdk (,) be the marginal density of

(xe, Xk), k = 1,...,7, and let x_ be the vector (xk : k d).

Taking the expectations of equation (3.2) conditional on x, produces

E(y
I

x1) = m0 + m1(x1) + E{m2(x2)
I
x} + ... + E{m7(x7)

I
x1}

E(y
I
x) = m0 + E{m1(x1)

I
x} + ... + E{m6(x6) x7) + m7(x7)

which can be rewritten as

m1 (x1) = E(y
I
x3

d=2

{m (xd) x1 } m0

6
(3.3)

m7(x7) = E(y I x7){m(x) I x}m0

The backfitting estimators are motivated by solving an empirical version of this

set of equations.

The smooth backfitting estimators {ii(x),d = 1,...,7} are defined as the

minimizers of the criterion

ii 1(x1) ... ñi7(x7)}2flK( Xa (34)
n=1 cj=i h )
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where the minimization is over all additive functions + m, (xe), with

Jñid(xd)Jid(xd)dxd = 0. In this expression, Pd(Xd) = L(xi,...,x7)dX_a, where

(x) = (x1,...,x7)= l_>KIx1 _xniJ K[x7 _Xfl7}
Nn=1

is the multi-dimensional kernel density estimate of p(x1 ,..., xv).

The solution for (3.4) is the same as for the minimization of minimizers of the

expression

J{ni(x) ñ11 (xi) ... rn (x7)}2(x)dx

which are characterized by the following system of equations d,k =

md(xd) = Jni(x)
(x)

Jmk(xk)
ji(x)

(3.6)
Pd(Xd) kd Pd(Xd)

Jmd(xd)Pd(xd)dxd = 0

Note how (3.6) compares to (3.3):

md(xd)= E(yIx) E{mk(xk)Ixd} in0
kd

rn, (xd) = Jth(x)
5(x)

Jrn, (xk)
5(x)

dxd
Pd(Xd) kd Pd(Xd)

After some algebra, see Appendix C, equation (3.6) simplifies to

rnd(xd) = thd(xd) Jlnk(xk)
P(Xa,Xk)

k (3.8)
kd Pd(Xd)

where Pdk(Xa,Xk) = )_K[Xd Xfld JK[Xk Xnk')

n=I d hk )
Mammen et al. (1999) provide the asymptotic properties of the SBE estimator.

They show that under certain conditions listed below the following convergence in

distribution holds for the local constant SBE:
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N5 = [a(xd) md(xd)1 N(cfld(xd),vd(xd)), d = (3.9)

with D being the number of regressors in the model (D=7 in our case). The notation

in (3.9) is as follows: Ch is a constant such that N5h Ch;

vd(xd)-ccKo(xd)/pd(xd), with CK = JK(w)2dw and

o (xd) = Var(y m(x)
I
Xd); and /3d are functions on 91 defined by

(flo'..'fld) = argmin fld[J{/9(x) flu (x) _fla(xd)}2P(x)]

with /9 being a constant and /9(x) given by

D 1m(xd) 8p(x)

d=1 p(x) d

,8(x) = J2K()d

Given the assumption of an i.i.d. sequence generated from an additive model,

these are the conditions that are necessary for (3.9) to hold: the vector x has compact

support [0;1J' where its density is bounded away from zero and infinity; for some

p(x)
0> -, E(I y ) <co; the functions md () and Pd (.) = exist and are

2 aXd

continuous. In addition, it is required that the kernel function K(.) is bounded, has

compact support, is symmetric about zero and is Lipschitz continuous, i.e.

I
K(u) K(v) I C u v for a finite positive constant C.

3.4 Model Specification and Estimation

3.4.1 Empirical Nonparametric Specification of the KC Model

This section discusses the practical details of estimating the additive nonparametric

regression model (3.2). The definition of the variables in the model follows

Braconier et al. In particular, size and endowment difference variables are captured
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through SIZER and SKJLL defined above. Section 4.2 describes the data used to

estimate model (3.2).

The implementation of the SBE follows the algorithm developed by Nielsen and

Sperlich (2005). The steps of the algorithm are described in Appendix D. The

estimation is done using the Epanechnikov kernel, defined as:

10.75(1 u2) f I i' I 1

K(çii)
0 otherwise

which is bounded, has compact support [-1;1], is symmetric around zero, and is

continuous, as required.

Implementation of the SBE requires estimating univariate NW regression and

univariate density for each regressor, as well as obtaining bivariate density estimates

for all pairs of variables in the model. These procedures involve selecting appropriate

bandwidth values, which is done using a rule of thumb approach. Specifically, for

the density estimations the bandwidths are calculated as:

1K2(yi)dçu
hdN (J2K( f(p;(xd))2dvd]

where the second derivative of the Gaussian (standard normal) density is used as an

estimate for p(xa).

For univariate NW regressions the bandwidths are calculated from the following

expression:

I ( cr JK2(I)dyIJf(xd)1thcd
h =N'dN (J2K( J(m (xd ))2

J

It is customary in the literature to use the range of Xd as an approximation for

Jf(xd)dxd in the expression above. To obtain the estimates for o and

f(m;(xd)Ydxd the following linear model is estimated for each d = l,...,7:
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md(xd)-130+Rxd+---/32xd+/33xd+/J4xd (3.10)

This produces estimates for fl2 J83, and /34 which are used to calculate

ñ(xd)=b2 +b3xd +b4xd

J(m;(xd)Ydxd then can be approximated by

N

(th'(x
))2

The estimated variance of the regression (3.10) is used as an estimate foro.

Another important step in the implementation of the SBE is the calculation of the

integral expressions in equation (3.8). The following result is used to approximate

these expressions:

Jmk(xk) Jm(x)axk Pk(Xk)dXk
Pd(Xd) Pd(Xd) Pk(Xk)

E{(xk)d'}Pd(Xd) Pk(Xk)

1
N

Pdk(Xd,Xflk)

Pd(xd)Nfl Pk(Xflk)
(3.11)

3.4.2 Data Description

Data used in this chapter are those of Braconier et al.8 This dataset provides a very

good coverage of country-pairs, both in terms of the number of observations it

contains, and in terms of the variation in host and home countries it covers. These

features make the data set very suitable for the type of estimation performed here.

8 The data set was kindly provided by Pehr-Johan Norbäck. Some observations from the original data
set are dropped for confidentiality reason.
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Table 3.2 provides summary statistics for the complete observations in the

sample. There are 39 home and 43 host countries with at least one observation. Data

on affiliate activity are from the OECD Globalization Database and are

supplemented with national data from the US, Germany, Italy, and Japan. Table 3.3

lists home and host countries and the number of observations associated with each

country included in the data set. Data are for years 1986, 1990, 1994, and 1998. All

sales data are converted into US dollars (in million) using exchange rates from the

OECD Economic Outlook and are deflated by the US wholesale price index (from

OECD Economic Outlook).

GDP data are from World Development Indicators. The share of skilled labor is

calculated as ratio of workers in occupational categories 0/1 and 2 to the total

number of workers from, and data are taken from ILO YearbookofLabour Statistics.

The cost of investing in the host country is an average of several indexes of

impediments to investment, reported in the World Competitiveness Report of the

World Economic Forum. The indexes include restrictions on acquiring control in a

local company, limitations on the employment of foreign skilled labor, restraints on

negotiating joint ventures, control of hiring and firing practices, the level of market

concentration, the fairness of justice, conditions of acquiring local bank credit,

restrictions on access to capital markets, and protection of intellectual property.

These indexes range from 0 to 100, with higher number indicating higher investment

costs. Home and Host trade cost variables are taken from the same source and

measure the level of national protectionism. They also run from 0 to 100, with 100

being the highest trade cost. All of these indexes are based on extensive surveys of

multinationals. Distance is measured by the number of kilometers between the

capitals. More detailed description of data and data sources is provided in Carr et al.

and Braconier et al.
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3.5 Results

3.5.1 Parametric Estimation Results

We start by discussing the results from the parametric estimation of the KC model

following the linear specification in Braconier et al. (which corresponds to equation

(3.1) above). Table 3.4 reports OLS estimation results, which closely resemble the

results reported in Braconier et al. Some differences in our coefficient estimates

from the original results are due to the fact that we use a sub-sample of that used in

Braconier et al.

This parametric specification of the KC model explains only about 30 percent of

total variation in real affiliate sales. Results suggest that the volume of real affiliate

sales is positively influenced by the joint economic size of host and home countries.

The dependent variable exhibits an inverted u-shape relationship to differences in

country size (coefficient on x2 is positive and on x negative). The direct effect of

divergence in relative skill endowment on affiliate sales is positive, however, the

negative sign on the interaction term x2 x x3 weakens this effect. Coefficient

estimates for investment costs in the host country, trade costs both in home and host

countries, as well as for interaction term x5 x x are insignificant in our estimation.

Everything else constant, greater distance reduces FDI flows between countries.

3.5.2 Nonparametric Estimation Results

The most illustrative way of reporting estimation results obtained in the ANRM

framework is through graphical representation. Solid lines in Figures 3.3-3.9 show

the estimated directional regressions based on model (3.8). For comparison purposes

graphs also show the parametric estimate of the relationship between the dependent
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variable and each regressor in the model, based on parametric estimation results

reported in Table 3.4. To derive this relationship for each regressional direction

ceteris paribus, all the other regressors are held fixed, where the average values for

these other regressors are used as the evaluation point. As an illustration, this

derivation is demonstrated for the skill divergence variable, based on model (3.1):

y3 =fl4(x3)+/3(2 xx3)+fl8(5 xx3)

where y, is the directional regression for variable x,3, and xT are the mean values

for the corresponding variables. When the estimated coefficients are substituted in,

this equation determines a parabola, which shows the shape of the relationship

between skill difference variable and the volume of affiliate activity.

Before turning to the discussion of the nonparametric estimation results, it is

important to note that the results should be interpreted with caution in the regions

containing small number of observations. This usually includes the case of the

boundary segments of the regression lines, as well as segments with scarce

observations. However, as it was noted above, the dataset used in this chapter offers

a rather uniform coverage of different country-pairs, which makes the results

relatively trustworthy.

We are now ready to discuss the estimation results. As was found before, the sum

of GDPs has a positive effect on the volume of real affiliate sales. The relationship is

not linear, however, as can be seen in Figure 3.3. The results suggest that this

regressor has a somewhat smaller positive effect on the dependent variable when the

joint GDP level lie between 0 and 9,000 billion US dollars, while the effect is much

stronger when joint GDP is in the range of 9,000-13,000 billion US dollars than it is

suggested by the parametric model. Hence, according to the results from

nonparametric estimation, an increase in GDP level(s) in one or both partner

countries will have a much more pronounced positive effect on affiliate activity if at

least one of the countries is a large economy. Most of the country-pairs in the sample

that fall in that range include the US and/or Japan.
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The estimated regression for home country relative size does resemble an

inverted u-shape relationship (with some fluctuation around the trend), although less

pronounced than suggested by the parametric model. Also, notice that the level of

affiliate sales reaches its maximum when size is equal to 0.4, instead of 0.7 as in the

parametric model it takes a smaller level of divergence in country sizes to

discourage horizontal FDI.

The most controversy in the literature on FDI is caused by estimating and

interpreting the effect of differences in country skill endowments on FDI between

these countries. The ambiguity around the vertical component of the KC model is

partially due to the limitations of parametric estimation of this highly non-linear

model.

Our results for this regressional direction are shown in Figure 3.4. Before

analyzing the shape of the regression line it is important to note that values of skill

divergence variable close to one represent countries with similar relative

endowments of skill, which corresponds to points along the diagonal in Figure 3.1.

Values of skill divergence level smaller than one represent country-pairs with a

relatively less skill endowed home country, shown as points below the diagonal.

Values greater than one correspond to country-pairs where the home country is

relatively more skilled compared to the host, in which case points lie above the

diagonal.

The parametric regression line implies a reduction in affiliate sales as skill

differences grow. Even though the direct effect of x3 is positive (this result is

supportive of the vertical component of the model), the indirect effect coming from

the second order terms is negative (coefficient estimates on both x2 x x3 and x5 x

are negative) and dominates, making the overall effect on real affiliate sales

negative.

Let us now look at the nonparametric regression line for this direction. The

segment of that line in the range of [0.75;1 .25] is relatively flat, which is an
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indication of the fact that country divergence in skill levels is not enough to

encourage (vertical) FDI. To the right of that segment home countries are relatively

more skill-endowed, which according to theory should induce vertical FDI

originating from these countries. The shape of the regression line in that range

exhibits a u-shaped trend (if we abstract from some small fluctuations), which

suggests that the volume of affiliate activity goes up as country skill endowments

diverge, however, when the gap becomes too big the volume of FDI starts to drop.

To the left of the point where skill difference is 0.75 the home country is less

skill abundant relative to the host country, which has a negative impact on the level

of affiliate activity between countries: relatively less skill-endowed countries invests

less in more skilled host countries.

The results from the additive nonparametric estimation of the KC model provide

strong support for the hypothesis of greater divergence in resource endowments

leading to increased affiliate activity as long as the gap does not become

prohibitively large.

The next regressor is investment cost in the host country. Before discussing the

results for this variable, however, it is worth mentioning that values of x4 for a

particular host-year combination are the same for all home countries that invested in

j in that particular year. Hence, many observations have the same value of x4, and

the number of distinct values on this variable is only around 125. Taking this fact

into consideration, the results for this regressional direction should be interpreted

with caution.

The regression line for the investment cost variable shows a downward sloping

trend overall, but there are two spikes that are present in the picture. Note that the

first spike roughly describes observations that correspond to developed (mostly more

developed European countries) host countries. The inverted u-shape of the regression

line in that region probably reflects time and country specific effects (such as

business cycle, policy changes and political issues) that influence investment flows
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to developed countries besides the cost of investment. The second spike captures the

effect of investment cost in less developed host countries in the sample (located in

South America, Eastern Europe, Asia/Pacific) on affiliate sales. For observations that

fall in the range of 40-55, there is a positive relationship between investment cost in

the host country and the volume of real affiliate sales. Hence, moderately high

investment costs in developing countries do not discourage inflow of FDI. Only

when x4 becomes prohibitively high (exceeding 60) it leads to a sharp decline in the

level of affiliate activity in the host country.

The protection level of a host country theoretically has a positive effect on real

affiliate sales: higher levels of protection encourage tariff-jumping FDI. This

expectation is not confirmed in the parametric estimation of the model. Results from

nonparametric estimation do not provide strong support for this hypothesis either.

The shape of the regression line for host protection level in the range of 6-40 does

exhibit a slight upward trend. This is where 80 percent of our observations lie. The

segment of the regression line between values of x5 from 40 to 62 shows a steep

decline in real affiliate sales as protection levels in host countries increase. The

downward slope of the regression line in this range probably reflects the fact that

most of the observations here9 represent developing host countries where higher

protection level is associated with lower development level, which discourages

foreign investments. The next segment suggests that when the protection level in

developing host countries becomes high enough (62 and more), foreign companies

choose to place their production in those countries to avoid paying high tariffs.

The theory predicts a negative relationship between protection level in the home

country and foreign affiliate sales: the higher are costs of importing goods produced

abroad back to the home country, the smaller are the incentives for vertical FDI. This

relationship is not confirmed in either the parametric or in nonparametric estimations

of the model. In the parametric regression the coefficient on this variable is

17% of our sample points lie in this range.
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insignificant, while the results from the nonparametric estimation even suggest a

positive relationship between x6 and real affiliate sales along some segment of the

regression line. It is difficult to interpret this result. The expected negative

relationship for this direction is observed for very high levels of home protection (62

and higher); however, there are only 2 observations in that range.

The effect of distance on real affiliate sales is shown in Figure 3.9. Notice that

the regression line has a rather wiggly shape. To understand this shape, note that

there are several transportation modes available for transporting commodities. Each

firm can chose to either avoid transportation costs and place production in the

targeted market (given that savings outweigh costs of separating production and

headquarters), or produce domestically and ship to final consumers using the most

economical feasible mode of transportation. When transporting a fixed amount of

goods, there are economies of scale with respect to distance associated with each

transportation mode: each additional mile of transportation costs less than the

previous. This is illustrated in Figure 3.2.

Now, let us look at the regression line piecewise. The first segment of the line

corresponds to country-pairs that are less than 3,000 miles apart. All observations in

this range correspond to intra-European FDI; hence the shape of this segment of the

regression line describes how distance affects FDI within Europe. Most of

commercial trade in this geographic area is done via land transportation. The

negative slope of the regression line suggests that firms prefer to invest in close by

countries, to avoid costly transportation, but as distance between two countries

increases, FDI gradually decreases as firms switch to domestic production and trade.

The next segment represents countries that are 3,000-8,000 miles away and often

separated by land and/or sea (trade within Asia/Pacific, between and within North

and South America, and between North America and sea bound Europe). Trade

between these countries takes place by air or by sea (short-distance, usually not

involving trans-ocean shipment). As before, FDI between these countries is high
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when the distance is relatively small and cost of investment in host country outweigh

cost of transportation. As distance grows, however, firms find it increasingly more

attractive to ship domestically produced output to foreign markets.

This pattern is repeated for distance ranges 8,000-13,000 miles (Europe-Asia,

Europe-South America, North America-Asia, North America-distant South America)

and 13,000-19,000 miles (North America-Pacific, Europe-Pacific). As distance

increases beyond 8,000 miles, transportation of goods usually requires more long-

distance sea shipment, or a combination of several transportation modes (sea/land).

3.6 Conclusion

This chapter investigates the determinants of multinational activity using additive

nonparametric regression analysis. The estimation is based on a general-equilibrium

model of multinational activity known as the knowledge-capital model. A linear

parametric specification based on this model has been estimated in a number of

empirical studies. The results of these estimations provide mixed evidence in support

of the KC model. The inability of previous research to pinpoint the exact nature of

the relationship between the volume of affiliate sales and its determinants may be

due to the inability of a simple linear parametric specification to capture the complex

nonlinear and nonmonotonic structure of the KC model.

The additive nonparametric regression approach adopted in this chapter allows

circumventing the limitations placed by the linear parametric specification on the

regression model. This data driven approach offers a very flexible way of estimating

the multivariate regression, tracing the form of the relationship between the

dependent variable and each of the determinants in the model. The particular

nonparametric estimator that is being used is the smooth backfitting estimator that

represents the latest development in the field of nonparametric regression modeling.

This estimator possesses a number of desirable properties making it superior to the

other available estimators. However, due to its novelty this estimator has not yet
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been explored in practical applications, and this is the first empirical study that

makes use of the smooth backfitting estimator.

The main objective of this chapter is to provide empirical evidence on the KC

model using the local constant SBE. The model specification stems from the

theoretical underpinnings of the KC model and from previous empirical work on the

topic. In particular, the definition of model variables are as in Braconier et al., and

the data set that is being used is a slightly modified version of the data used in the

cited work. This is a very extensive data set that combines a large number of

observations and provides good coverage of the entire space of possible country-pair

observations. These features make the data set very suitable for the type of

estimation performed in this chapter.

The directional regression lines obtained from the ANRM estimation are highly

nonlinear. This suggests that the conventional linear parametric modeling is indeed a

very rigid way of estimating the KC model. By fitting a line or a u-shape curve to the

data it does not explore all the richness of the infonnation contained in the data set.

In contrast, the new approach allows revealing many interesting features of the

relationship between the volume of affiliate sales and the right-hand-side variables in

the model, which are largely consistent with the theoretical predictions. In particular,

the central finding in this chapter is that there is a positive relationship between the

volume of affiliate activity and the level of skill difference between host and home

countries, if that difference is not prohibitively high. Hence, the results from

nonparametric analysis of the KG model provide strong support for the hypothesis of

greater divergence in resource endowments leading to increased affiliate activity.

A similar conclusion is reported in Braconier et. al (2003), where the authors

explore how wage costs for more and less skilled labor in host countries affect the

level of affiliate activities. They find support for vertical FDI, in the sense that more

FDI is conducted in countries where less skilled labor is relatively cheap.

Glearly, the results obtained from the nonparametric regression analysis of the

KG model contribute to our understanding of the precise nature of the relationship in
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the model. These results can be used to estimate the expected volume of total FDI

between host and home countries with given characteristics. As the next step in this

line of research it is necessary to incorporate the calculation of the confidence bands

around the regression lines as a part of the estimation procedure. This will provide

added confidence in the obtained results. An alternative approach would be

formulating a nonlinear parametric model based on the nonparametric estimation

results. Estimation of such a model will allow using a wide range of inference and

prediction tools to study the implications of the KC model.
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Figure 3.1: Normalized Edgeworth Box
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Table 3.1: The expected signs in KC model specification (3.1)

Coef Sign Explanation

+ joint economic size has a positive effect on FDI flows

132 + volume of real affliate sales has an inverted u-shape re-

lationship to differences in country size

133

+ greater difference in skill abundance encourages vertical

multinationals

/35 small and high-skilled labor abundant home countries

have more affiliate sales in host countries

16 higher investment costs will discourage FDI

+ higher trade costs in host country encourage tariff jump-

ing FDI

138 trade costs may encourage horizontal investment (when

relative endowments are similar) but not vertical invest-

ment

/39 higher costs of exporting back to home country will dis-

courage vertical FDI

/3o /+ the effect of distance is not clear: it can be viewed as an

element in both export and investment costs
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Table 3.2: Summary statistics

Variable Obs Mean Std. Dev. Mm Max

Real Sales, million

US dollars

984 10014 27411 0 324133

Sum GDP, billion US

dollars

984 3078 2679 162 13343

Home Size 984 .77 .44 .01 1.40

Home Skill 984 1.08 .49 .12 4.53

Inv.Cost Host 984 33.80 11.71 12.50 79.43

Trade Cost Host 984 29.29 13.42 6.80 85.08

Trade Cost Home 984 28.68 12.46 6.80 81.41

Distance, kilometers 984 5560 4626 174 19007



Table 3.3: Country coverage

Home Country (# of obs.)

US (116)

Germany (113)

Japan (103)

Italy (79)

Switzerland (47)

Netherlands (45)

UK (44)

France (43)

Canada (36)

Belgium (35)

Spain (26)

Mexico (20)

Finland (19)

Ireland (18)

Denmark (17)

Australia (16)

Norway (16)

Austria (14)

Korea (14)

Greece (13)

Portugal (12)

New Zealand (11)

Singapore (11)

Thailand (11)

Czech (10)

Turkey (10)

Philippines (9)

Hong Kong (8)

Hungary (8)

Malaysia (8)

Argentina (7)

Poland (7)

Russia (7)

Chile (6)

Slovenia (6)

Brazil (5)

Indonesia (5)

Israel (5)

India (4)

Number of home countries: 39

Number of host countries: 43

(11)

s (11)

Host Country (# of ohs.)

Germany (94) Korea

US (77) Phiilippiii

Netherlands (76)

Italy (73)

Poland (63)

France (58)

Swedeii (51)

Norway (41)

Ireland (38)

Mexico (38)

Finland (37)

Turkey (37)

Canada (32)

UK (29)

Japan (24)

Belgium (15)

Spain (15)

Switzerland (14)

Malaysia (12)

Australia (11)

Brazil (11)

Singapore (11)

New Zealand (9)

Portugal (9)

Greece (8)

Hong Kong (8)

India (8)

Thailand (8)

Argentina (7)

Austria (7)

Venezuela (7)

Chile (6)

Indonesia (6)

Colombia (4)

Denmark (4)

Hungary (4)

Israel (4)

Czech (2)

Russia (2)

Peru (1)

Slovenia (1)



Table 3.4: Parametric estimation of the KC model, Braconier specification

Variable Coefficien estimate Std. Err.
6.6x10_3* 0.3x103

9447* 11.23

48.71* 544

12.02* 394

x2 x x3 27.73* 6.72

-0.17 0.11

-0.10 0.10

x5xx -.01 .02

-0.07 0.06

10_3* 0.2x103

Constant 18.15* 5.72

Obs. 984

Adj. R-Sq. 0.29

Note: * denote coeffcient estimates that are significant at the 5 percent level.
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Chapter 4

General Conclusion

The chapters presented in this dissertation address three very important topics in the

field of International Trade. The first two chapters provide new empirical evidence

on the development of trade patterns in transition countries, and the precise nature of

the relationship between the volume of affiliate activity and its determinants. The

third essay is still in working progress and it aims at developing a way to estimate

the relationship between the decisions of various countries to engage in regional

trade agreements and the factors that affect those decisions.

Chapter 2 represents a detailed study of TE trade patterns with developed

countries throughout the transition period. The main objective of this study is to

investigate whether the structure of TEDC trade reflects the relative resource

endowments in the two regions. The maintained hypothesis is that due to numerous

distortions present early in transition the trade patterns would not reflect the true

comparative advantage of TEs vis-à-vis developed countries. With time, however,

market forces should work to eliminate at least some of the past distortions allowing

TE trade structure to better adjust to the situation. The generalized gravity model

developed in this chapter helps to explain a significant portion of the total variation

in TE exports and imports, generating plausible estimation results. The results

indicate that there are significant changes in the way different factors affect industry-

level trade flows early and later in transition: TE trade with developed countries has

undergone serious structural adjustments since the beginning of transition following

the true comparative advantage of TEs.

The results in Chapter 3 obtained from the ANRM estimation of the KC model

confirm the highly nonlinear nature of the relationship in the model. The estimation

is carried out using the smooth backfitting estimator that represents the latest

development in the field of nonparametric regression modeling. The central finding
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is that there is a positive relationship between the volume of affiliate activity and the

level of skill difference between host and home countries, if that difference is not

prohibitively high, and a negative relationship when the difference terms is too large.

This finding is highly consistent with the hypothesis of greater divergence in

resource endowments leading to increased affiliate activity. This important

theoretical prediction of the KC model was not always supported in the previous

empirical studies of the KC model; hence our result helps to resolve the existing

controversy in the literature. In addition to its important contribution in the field of

International Trade, the chapter also represents the first empirical study that uses the

smooth backfitting estimator, thus contributing to the development of nonparametric

estimation methods.
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Appendix A: The Censored Regression Model, Tobit Analysis

This Appendix provides further details on the Tobit estimation performed in this

chapter. As was mentioned above, it is possible that some small volumes of bilateral

trade are recorded as zero. That implies censoring of the dependent variable to 0

whenever trade volume between a given pair of countries in a given industry is in the

interval [o;i}. However, since all zero observations are replaced with I to allow

taking logarithms, the censoring level used in the estimations is 1. In log terms that

implies censoring of the dependent variable to y = 0 if yt 0, where y is the log

of volume of recorded bilateral trade and y is the log of the actual volume of trade

between countries. Assuming that yt 'N(p,a2), than the distribution of y is given

by:

Pr(y =0) = Pr(y 0) = i4_ L-J = i

where T denotes standard normal distribution, and if y > 0, then y has density of

y.
The log-likelihood for this censored model is

logL = _ i[log(221)+ logcr2
(v1 lo[1

The two parts correspond to the classical regression for the nonlimit observations

and the relevant probabilities for the limit observations, respectively.

This log-likelihood function can be reparameterized with y = /3/ a and 0 = 1 / a

to produce:

logL = _2[log(2,r)_logo2 +(v, _7tx1)2}+ log[1 (y'x1)}
y>o yi=o
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The original parameters are recovered using a = I / 0 and /3 = yf 0. The

asymptotic covariance matrix for these estimates is obtained from:

Var[/3,&]=P Asy.Var[?,9] F

where P is the estimator of the matrix

8/3 8/3 1 1

P=
=' rY

0tT±
8y' 80

Appendix B: Robust Estimation of the Covariance Matrix

Simple estimation procedures usually rely on the assumption that errors follow

independent and identical distributions. However, if the correct distribution is

something other than what is assumed, than we can not claim some of the properties

of the resulting estimators. For example, when the likelihood function is

misspecified, the desirable properties of the maximum likelihood estimator (MLE)

might not hold.

There are certain cases, however, when the estimator is robust to specifying the

wrong distribution of the disturbances. One such case is the least squares (LS)

estimator when the conditional mean function is E[y I x] = x' /3: we can still claim

some desirable properties for LS, including consistency, even if disturbances are not

normally distributed. This section discusses some results that are used to compute an

appropriate covariance matrix for those cases in which the estimator is consistent

despite the fact that the wrong log-likelihood function has been used. The important

references on this subject are White (1982) and Huber (1967).

Let f(y,, x,, /3) be the true probability density for a random variable y. given a

set of covariates x, and parameter vector /3. The log-likelihood function is:
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log f(y,, x,, /3)

Suppose, we estimate /3 by maximizing a different criterion function

M(y,X,fl)=--logg(y,,x1,/3) which attains its unique maximum at the true /3

as n> c Suppose also, that plim M (y, X, j9) = E[M (y, X, j9)], then

plimt3M(y,X,J3)/ô/3 = E[aM(y,X,/3)/a/3]= 0

at the point of maximum. This is a set of moment equations for estimation, and the

estimator /3 that maximizes M(y,X,/3) is also a general method of moments

(GMM) estimator with the appropriate asymptotic covariance matrix given by:

v= [iM (/3)] (fl)Ji

Where HM (/1) = (1/ n)E[HM (/1)] is the symmetric Hessian of E[M (y, X, /3)] and

D =Var[alogg(y,,x1,/3)/a/31.

The Hessian is estimated by using its empirical counterpart:

2 log g(y,.x,,/3)
Est.[HM(/3)]=

D is consistently estimated by using the sample variance of the first derivatives,

i[alogg(y1,x,/3)[alogg(y,,x1,/3)

a/J

This approach is usually referred to as sandwich estimator of variance. It is easy

to show that in the case of the least squares estimator in the heteroscedastic linear

regression model, sandwich estimator of the covariance matrix simplifies to the

White heteroscedasticity consistent estimator:



104

Est.Asy.Var.[b] = [X' xf' [E e12 x,x1 X]

Appendix C: Derivation of Equation (3.6) in Chapter 3

Equation (3.6) can be obtained after the following simplifications in equation (3.3):

Xflk
iic1K[Xk

hk
'yn

Iiñ(x)
(x)

-d
N Xk Xflk

J Pd(Xd)
n=I

hk )

1 N

iiE
KkX

k=1
(\ hk

x

lN KIXdXn
hd J

N K'Xd Xpj

h j
JfJ K( Xk Xflk

K Xd Xfld kd hk )n=i(
hd

= rnd (xd)

where ñid (xd) is the univariate Nadaraya-Watson estimator for variable Xd.

Also,

I N 7 [Xr_Xnr'
n=1 ITr=I K

Jmk (xk)
(x) ,

= Jrnk (xk)
hr Jax_d

Pd(Xd) d(xd)
dvd

Jrnk(xk) lcçN K' Xflk ')KI Xfld

h\ k ) hd )
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x J fl Xr Xnr J&d,kk
rd,k hr

=1

= Jrnk(xk)dxk
Pd (xd)

where is the vector (Xr : r d, k).

Appendix D: Algorithm for Calculating the Local Constant SBE

The algorithm for calculation of the local constant SBE consists of the following

steps:

Step 1: Let r be the number of the current cycle. To start, set r = 0 and calculate

the smoothing weights around points $x_{ij}$ (in our chapter we estimate SBE for

all the sample points).

Step 2: With the weights from Step I we obtain th, (x1),
,
(x) and jk (xi, Xk)

for j = 1,..., d and k = 1,..., d, k j. We then set ñ°(x) = ñ (xi)..

Step 3: For j = 1,...,d we compute

(r+I) (x1) = ñ (x1) Jni(r+I)(x k (xi, Xk

kj 5(x1)

- J(r)(x) PJk(Xf,xk)
Ykj

The integral expressions involved in the calculation of ñi'(x1) can be

approximated using result (3.11) above.

Step 4: if the convergence criterion is fulfilled, stop; otherwise set r to r+ 1 and

go to Step 3. The convergence criterion that we use in our chapter is to stop if for all

j = 1,..., d simultaneously the following is true:
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<0.0001
N {,r)(X)}2 + 0.0001

In addition, the constant ñ10 is estimated by j.




