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1. INTRODUCTION
The age of multinationals. This is how the economic environment in the developed countries can be shortly described at the end of the 20th and the beginning of the 21st century. A time when multinational companies such as General Electric, Royal Dutch Shell and Vodafone hold foreign assets which comprise between 70% and 90% of the companies’ total assets, a time when these companies have hundreds of international affiliates and provide employment for hundreds of thousands people abroad. 

However, the driving force behind multinationals has always been difficult for analyses. There have been many publications dealing with the question how do multinationals emerge and why do they invest in certain countries. The scientific propositions vary from the concept that multinational enterprises seek a huge market where to sell their production locally, the so called market seeking FDI, to the concept that they look for cheap factors of production, so that they can produce more cheaply and export their production, the so called resource seeking FDI. Investment and trade barriers also play an important role in the geographical distribution of foreign direct investment, and have been discussed in Helpman (1984), Helpman and Krugman (1985), Markusen and Venables (1996), and Markusen et al. (1998). The evidence so far has been mixed.

The aim of this paper is to review all these issues within the framework of the recently developed knowledge-capital model of multinationals and to check how the knowledge-capital model fits empirically in the theoretical framework of multinationals. The broader research question which motivates the paper is: “What can explain the mobility and allocation of FDI?” More specifically, we will test one recent theoretical explanation of FDI mobility – the knowledge-capital model, which relies on specific country characteristics when explaining the FDI allocation across countries. An empirical test for the robustness of the knowledge-capital model will be applied.

The knowledge-capital model is a model developed and advanced by Markusen (1997) on the basis of the general equilibrium approach from international trade theory and combines both horizontal and vertical motives for direct investment. The model predicts a peak of multinational activity when the parent country of the investment is small and skilled labour abundant in comparison to the host. Hence, it takes into consideration both economic size and skilled labour endowment of a country. In horizontal integration FDI is motivated by the host country’s market size, while in vertical integration the motive for FDI is the difference between the parent and the host country’s labour endowment. Empirically, multinationals are not firmly categorized in vertical or horizontal, so any official data on the number of vertical and horizontal enterprises is not available. Thus, in order for one to test any model, they have to check what country characteristics attract foreign direct investment and generate higher affiliate sales.

Distinguishing between different forms of multinationals is crucial for the understanding of the subjects discussed, since the vertical model theoretically excludes the horizontal, while the knowledge-capital models combines certain characteristics of the other two. The knowledge-capital model, developed initially by Markusen et al. (1997), is presented in the paper along with the theoretical framework of vertical and horizontal integration. Following an extensive literature review of existing theories on multinationals, the models described are subjected to empirical tests through a number of model specifications. The increased economic importance of multinationals undoubtedly has its social implications, which makes a research on the topic both scientifically and practically relevant. 

The major contributions of the current research are the enlarged dataset, used in order to test the theoretical model and empirical specification, proposed by Carr et al., (1998), as well as the usage of modified explanatory variables and model specifications, which improve the robustness check of the work. A major difference from the original model is the change of the dependent variable from affiliate sales to FDI stock. The selection of FDI stock as a dependent variable instead of FDI flows and affiliate sales is due to the fact that FDI stock is less volatile and has larger data availability across different countries. More recently updated variables measuring the skill difference are introduced in comparison with previous studies. Our model finds empirical supports for the knowledge-capital model. The introduction of a new set of dummy variables for common border, common language and the euro as a currency does not change the outcome of the tests and further proves the robustness of our results.

Including the introduction, the paper is structured in five chapters. The second chapter goes through the existing literature on the theory of multinationals and presents the findings of different theoretical papers. Firstly, we discuss the emergence of multinationals as a function of specific knowledge and knowledge-based assets within the enterprise. Secondly, we review the general equilibrium framework which is the foundation on which the knowledge-capital model is built. Finally, Chapter 2 presents the knowledge-capital model of multinationals and compares it to the horizontal and the vertical models. The third chapter of the current paper sets the scientific hypotheses which are to be tested and provides details on the data sources and the methodology used in the research, as well as additional information on the construction of certain variables in the model specifications. Chapter 4 presents and discusses the results from the empirical tests and compares them with the constructed scientific hypotheses. The last chapter concludes with a summary and final remarks on the whole paper. 

All graphs, charts, tables and statistical output are included in the text body of the research. The countries included in the empirical observations are shown in the appendices. 

2. Theory review

In the modern world, still in the early 21st century, when most markets are dominated by oligopolies and the accompanying economies of scale and scope, the classic Heckscher-Ohlin framework from international trade is no longer sufficient to explain most stylized facts from the economic life. An industrial organization approach which includes the general equilibrium trade model has been applied a number of times to explain the existence of various multinational organizations. A textbook definition of a multinational enterprise is a firm that owns or controls production plants or other assets in at least two countries. Markusen (2002) states that there are four main characteristics of multinationals: multinationals are concentrated usually in industries with high ratio of knowledge-based activities, such as research and development, relative to sales; they have higher values of intangible assets, such as patents and know-how in comparison with national firms; they produce predominantly differentiated technological goods; they have a relatively longer history in their respective industries, combined with larger size. Various classifications use either ownership or control when distinguishing between multinational and national enterprises. The advantage of ownership is that it is easily proven quantitatively through equity and investment shares, while when control is the distinguishing feature between a national and multinational company, the concept of joint-profit maximization is applied. 

Several theoretical frameworks have been developed in order to explain the existence of multinationals. The Ownership – Location - Internalization advantages (OLI) of the multinational firms over the national firms is a framework which states that ownership advantages allow firms to overcome the drawbacks from locating at a foreign location. (Bowen et al., 1998). The same framework implies that location advantages, such as local trade policy, production factor prices, etc., give the firms more profitable production opportunities than to export to foreign markets, while internalization advantages are the positive effects for the firm of undertaking own production abroad rather than licensing the production to foreign partners. The ownership and the internalization advantages are the main factors behind the existence of multinationals according to the OLI framework. The major preconditions for these advantages are either common costs, incurred at the firm level, and not at the plant level, thus leading to firm-level economies of scale, or the existence of specific knowledge-based assets, owned by the firm. Joint inputs, joint costs and firm-specific assets are interrelated as concepts. In most cases multinationals develop their own technologies, know-how, patents, brands and management models which are provided as a joint-input at low or no cost at the margin to production facilities in more than one country.
2.1 firm-specific knowledge as an intangible asset of multinationals
It is often stated that multinational enterprises possess superior knowledge to national companies and that is their greatest asset. What is the role of these intangible assets for the emergence and activity of multinationals? 

Since the core topic of the current paper is the knowledge-capital model of multinationals, a model based on the assumption that knowledge-based activities can be separated from the production of final products, some further insight into the theory of multinationals is relevant. In Kogut and Zander (1993) an evolutionary concept on the emergence of the Multinational Enterprise (MNE), directly related to the internalization dimension from the OLI framework is developed. Kogut and Zander’s article has had a great impact on the theory of the multinational firm, introducing a knowledge-based theory, explaining the existence of multinationals by the existence of certain firm-specific advantages within the firm, such as certain intangible assets, which can be provided at no cost at the margin to various production plants. The authors use the concept of those knowledge-based assets to show in their paper some of the advantages of becoming multinational enterprise to exporting to other markets or licensing production abroad. It is underlined in their work that both the knowledge-based approach has its own advantages, and that the importance of knowledge altogether with the cost advantages of multinationals could give a detailed and theoretically robust support on internalization. 

The main idea behind Kogut and Zander’s theory is that firms are social communities which specialize in the creation and internal transfer of knowledge. Firms are considered as warehouses for knowledge, and their capabilities define their own comparative advantages with respect to other firms. As the authors suggest, the capabilities of the multinationals to transfer and transform unique technologies more efficiently are the source of this advantage. According to Kogut and Zander, this comparative advantage is a condition for trade among firms and among countries in the market. Not only it is a condition governing firm trade, but it also influences the growth of the firm and the decision for direct investment, either locally or abroad. Kogut and Zander claim that internal knowledge transfer gives the opportunity for future expansion of the firm into additional markets or into new businesses in existing markets. The point that they are trying to make is that internalization gives the chance for a firm to grow, as it develops firm-specific capabilities and creates options for further expansion. A quote from Tollman best describes Kogut and Zander’s concept of the evolutionary vision of the development of the MNE: “As knowledge moves, and is combined and recombined in the MNE, and as options are taken and exercised on new markets and technologies, the multinational firm evolves in form and strategy in response to a changing environment” (Tollman, 2003). 

A lot of authors prior to Kogut and Zander find a link between foreign direct investment and the transfer of firm-specific knowledge. The widespread belief is that the primary advantage that a firm brings to a foreign market is their possession of superior knowledge. Caves (1971) suggests that the ability to offer differentiated goods gives the firms control over the knowledge and enables it to serve the market at a lower cost. The author agrees with the classic Ricardian model that if firms specialize at what they are best at or what they have a comparative advantage over other firms, they will be more successful in the market. The question, however, is whether it is more economically efficient to transfer the advantage that the firm possesses within the firm, to an affiliate subsidiary, or to other firms in the market, through various licensing schemes and contracts. The authors suggest that because of the uncertainties and the hazards to rely on the market, it is necessary for firms to internalize their transactions. 

As claimed by Johnson (1970), Mc Manus (1972), Magee (1977), and Buckley and Casson (1976), knowledge has all the characteristics of a public good, being easily transferred and hard to protect. This assumption is in the core of Buckley and Casson’s theory of internalization, which Kogut and Zander are applying in their analysis too. According to this theory, unless a firm has a strong comparative advantage or other factors restricting imitation, they would better transfer their firm specific knowledge within the firm.  Another explanation of the internalization according to Rugman (1980) is that the lack of proper market for knowledge leads the multinationals to a decision to overcome this market failure by creating their proper market within the firm , or in other words, to internalize. 

Nelson and Winter (1982) suggest that firms have different organizational structures and each one has its own routines and operating procedures. A firm acts as a single organism that develops strategies, grows and evolutes through its assets, both its physical facilities and human skills. When applying the so called “learning by doing” approach, the firm pursues its objectives to improve and innovate. The firm seeks to be efficient on the market and to maximise its profits by minimizing its costs. The authors suggest that when knowledge has to be transferred across firms, the effectiveness of the transfer suffers. Each firm generates a differentiated set of capabilities and proprietary advantages. Unless firms make a conscious effort to codify their knowledge, much of what they know will be inaccessible to other firms simply because the internal codes by which knowledge is transmitted and transformed within firms are different. Thus, when technologies are transferred across the boundaries of different firms, both parties to an extent are encountering the unfamiliar and poorly understood work practices of the other participant in the transaction. Therefore, the efforts to communicate are considered as drawbacks to both participants in the knowledge transfer, as they increase the cost of transfer. This creates a difficulty that can certainly be avoided through an internal expansion.

Kogut and Zander suggest that the decision to transfer a technology within the firm or in the market primary depends on its knowledge characteristics. Their work finds that the more complex, the less codifiable and the less teachable is a technology, the more likely it is to be transferred internally within the firm, that is, to a wholly owned subsidiary.  Hence, internal transfer is dictated by the particular knowledge characteristics. Complexity, non-codifiability and non-teachability are defined as the three dimensions of the tacitness of a technology. Tacit knowledge is an intangible asset in the firm, which is acquired through routines, experience and organizational structures, and is difficult to be taught. It is embedded in the firm’s nature. The learning of such capabilities is a long process that requires a lot of time and a lot of resources. Hence the authors come to a plausible conclusion that tacit knowledge is most likely to be transferred internally because the cost of its intra-firm transfer would be smaller. That is why when a multinational corporation can maximise the transfer efficiency, the choice of internal mode of entry is fully motivated. 


When deciding to engage in FDI activity, the multinationals pay significant attention to their know-how and other knowledge-based assets and activities, discussed in the paragraphs above, such as intellectual property, brands, internal organization and management. These intangible assets which are often applied at zero or small marginal cost are the main advantage of the multinationals when competing with local firms at local markets. 
In support of the important role which intangible assets play, Kravis and Lipsey (1992) construct a model in which they prove that multinational activity and sales are positively correlated with specifically constructed measures of firm-specific knowledge-based assets. 
2.2 The general equilibrium framework
A theoretical framework explaining the emergence of multinationals has also been developed in a traditional general equilibrium trade model. This theory sets the background of horizontal and vertical models of multinationals, attributing the existence of the multinational company to certain industry and country characteristics.
In models developed by Helpman (1984) and Helpman and Krugman (1985), vertical multinationals engage in intra-firm trade due to the fact that they establish the headquarters of the company in one country and the production plant in another country. The headquarters in the model act as a symbol for all the knowledge-based intangible firm-specific assets which are provided as an input in the production process and discussed extensively in the Kogut and Zander’s paper. Horizontal multinationals have production plants in more than one country, and intra-industry trade is still possible, but not a necessity. Their model uses a two-sector economy with four inputs into the final production assembly: two factors of production - labour and capital, which cannot be moved to another location, intermediate inputs and headquarters. Two goods are produced in the economy, one differentiated good, for instance manufacture, produced with increasing returns to scale, and one homogenous good, for instance food, produced with constant returns to scale. According to the model, multinational firms emerge endogenously due to factor-price equalization and significant differences in the relative factor endowment between the countries. The model assumes zero tariffs and zero transport costs, and thus is good at explaining the emergence of vertical multinationals. Those assumptions are not empirically robust, however, since the existence of transport costs and tariffs is a major precondition for the appearance of horizontal multinationals. The model also fails to explain why the most intensive multinational activity is taking place between developed countries with similar factor endowments, a fact typical for the horizontal models of multinationals.
A number of working papers by Markusen, Venables, Zhang, Carr and Maskus et al. discuss extensively the vertical and the horizontal models, and subject them to empirical tests through different model specifications. All models are based on the international trade theory and industrial organization approaches, incorporating transport and tariff costs.
Markusen et al. (1996) show that vertical multinationals emerge and dominate production when the countries differ significantly in relative factor endowments and at the same time are similar in size. One condition for the dominance of vertical multinationals in their model is low trade costs between the countries. In the same paper it is claimed that horizontal multinationals dominate when the countries are similar both in terms of size and relative factor endowment, and trade costs are high. It is also stated that national firms dominate the markets when trade costs are low and relative endowments between the countries are similar, or when trade costs are moderate to high, relative endowments are similar, but the countries differ considerably in size. Their empirical results support the horizontal integration model by showing that the ratio Affiliate sales of multinationals / Affiliate sales of multinationals + Trade
[image: image2.wmf]reaches its highest level when trade costs are high and the countries are similar both in relative factor endowment and in economic size. It is also proven by the authors that whenever trade costs do not exist between similarly sized and skilled labour endowed countries, national firms and national production dominate the markets. Another of their more important findings is that given a free market entry, the entry of multinationals turns the skilled labour abundant country from a net exporter of the skilled labour intensive X good to a net importer of it, but at the same time the multinationals become exporters of knowledge-capital based services, such as management, accounting, finance, etc. Finally, the authors argue that direct investment is a complement to trade, showing that investment liberalization leads to an increase in the volumes of trade and therefore leads to factor-price equalization.

Markusen and Venables (1995) construct a model to explain how multinationals emerge endogenously in equilibrium with high tariffs and high transportation. It is proven in the model that multinationals are more important for the country’s economy when the countries are similar in economic size, relative factor endowments and technology. The model explains several stylized facts, including the increasing stocks and flows of foreign direct investment between developed countries, as well as the initially decreasing and consequently increasing ratio of investment in comparison to trade with the convergence of the countries’ incomes and technologies. The authors also state that with country convergence in relative endowments, economic size and technology, multinationals tend to replace international trade between the countries.
Feenstra et al. (1998) develop a gravity model in which trade between two countries is shown to be positively related with the product of the two countries’ income and as a negative function of the distance between the countries. In the paper the authors prove that given the condition of free market entry, there is a significant home country effect for trade. This effect implies a higher elasticity of exports of differentiated goods with respect to the home country’s economic size. The larger the parent country is, the more attracting is for firms to invest and produce there, so that they can take advantage of the factor price differences across countries. However, when entry barriers do exist, as is the case in most markets for primary homogeneous goods, such as natural resources, the authors show that the home country effect is just the opposite and the elasticity of exports is higher with respect to the partner country’s economic size rather than the home country’s one. 
2.3 Knowledge-Capital Model of Multinationals

The theory behind the knowledge-capital model is developed by Markusen (1997) and explained in detail in Markusen and Maskus (1998). 
The essence of the knowledge-capital model is to give predictions about the production of multinationals for local markets and their production for exports based on specific country characteristics, such as endowment with skilled labour, economic size of the countries, differences in size between the countries, different trade and investment barriers and distance (Markusen, 1997). 

 The model sets an environment of two countries – home and foreign, two goods X and Y, and two factors of production - skilled and unskilled labour. Y is produced in a competitive sector with constant returns to scale and unskilled labour is used more intensively in its production. X is produced with increasing returns to scale in imperfect competition. The firms which produce good X incur fixed costs, as fixed costs are measured in terms of labour only. Fixed costs are firm-specific and plant specific. Firm-specific fixed costs are incurred mostly for knowledge-capital, such as the building up of headquarters, investment in research and development, marketing, management services, blueprints, patents, etc. For easing the definitions, the term headquarters in the theory is used as a common denominator for all the knowledge-based activities and intellectual capital embodied in the activity of multinationals, and will be used accordingly throughout the current paper. It is very important for the understanding of the horizontal multinationals to make the assumption that the firm-specific fixed costs are incurred only once and therefore do not depend on the number of production plants. Thus, headquarters, or also headquarter services, can be used as joint input at the plant level, creating the so called firm-level scale economies. Plant-specific fixed costs include finding a location, buying machinery, hiring labour, etc. Plant-specific fixed costs are incurred once per plant. Each firm producing X can have one or more production plants, taking advantage of the plant-level scale economies from using more than one plant, namely economies from common costs, such as transportation costs, specialization, etc. Only skilled labour is required for the production of headquarter services, while both skilled and unskilled labour are combined in the fixed costs at plant level. The final production process, as well as the transportation process, uses only unskilled labour. The last assumption made in the model by Markusen is that plant production of X, including both fixed and variable costs, is more skilled labour intensive than the production of Y.
Markusen and Venables (1995) further discuss certain aspects of the knowledge-capital model. Their model explains how multinational firms export their knowledge-based assets, which are firm-specific, to production plants located abroad. In this way high-skilled intensive activities are separated from the low-skilled intensive activities across countries, depending on factor prices. At the same time, by geographically separating activities, multinationals also introduce trade in high-skilled labour services. One of the main findings of their paper is the fact that entry of multinationals leads to factor-price equalization across countries which slightly differ in relative endowments or in economic size, hence eliminating brain-drain possibilities by keeping the return to skilled labour in the low-income country relatively high. The only exception to this case in their model is when the countries differ significantly in relative factor endowments. 
Similarly to their paper of 1995, Markusen and Venables (1996) show that a convergence in the countries’ characteristics further boosts the entry of multinationals. That fact on its own increases the wage gap between skilled and unskilled factors of production both in the large and skilled labour abundant country, and in the smaller unskilled labour abundant country. 

Table 2.1 Ranking of activities according to skilled labour intensity criteria

	Headquarter services incorporated in X are more skilled labour intensive than the production of X



	Overall production of X is more skilled labour intensive than only plant level production of X



	Plant level production of X is more skilled labour intensive than production of Y




Three main features characterize the knowledge-capital model of the multinational enterprise: 
1) Knowledge-based activities such as research and development, accounting, marketing, financial management, etc. can be separated from the production geographically and supplied to production facilities at low cost; 
2) The knowledge-based activities are more skilled labour intensive than the production process itself, 
3) The knowledge-based activities can have a joint-input characteristic and can be supplied to other production facilities at low cost; 
Both the first and the second features are behind the concept of vertical multinationals. Vertical multinationals, by definition, are firms which separate activities due to differences in factor prices across countries. They have a single plant in one country and locate their headquarters in another country. The third feature is behind the concept of horizontal multinationals. Horizontal multinationals are usually defined as firms producing in at least two countries by using local production plants and serving the local markets, thereby substituting trade. In the horizontal model firms have at least two production plants in different countries and their headquarters are either in the one country or the other. According to the theory of multinational enterprise, vertical multinationals dominate when countries are very different in relative factor endowments and trade costs between countries are low, while horizontal multinationals are more prevalent when the countries are similar in both size and skilled labour endowment, and trade costs between countries are high (Markusen, 1996). 
Apart from the horizontal and vertical multinationals, there are also national firms, which have both the production plants and the headquarters in a single country. In that respect, Markusen (1997) makes several important empirical findings. Horizontal multinationals are established when the two countries in the model are both of similar economic size, or in other words, have similar GDP, and have similar endowments with skilled and unskilled labour, so that factor prices do not diverge much between them. Total demand and trade costs should also be high, so that setting up a high fixed-cost production plant in a country replaces a high marginal cost export to that country. Vertical multinationals have an advantage over horizontal and national firms when the two countries differ in relative endowment. That effect is reinforced when the skilled labour abundant country is smaller, because the multinationals can locate their headquarters in the skilled labour abundant country and then place the production plants in the large unskilled labour abundant country, thus taking advantage of the factor price differences across countries. 
What are the distinguishing features of the different models of multinationals – horizontal, vertical and knowledge-capital? The knowledge-capital model, as described in the theory reviewed so far, offers both firm-level and plant-level scale economies, as well as an opportunity for the firms to fragment the headquarters and the production processes in different countries due to factor price or market access advantages. The knowledge-capital-model also states that the headquarter services produced at firm-level are more skilled labour intensive than the plant-level production.
The vertical model offers no firm-level scale economies, since the “knowledge” from the headquarters is supplied only to one production plant in a foreign country. Similarly to the knowledge-capital model, headquarters and production can be separated in different countries, due to factor price differences. Another similarity between the knowledge-capital-model and the vertical model is the assumption that the fixed costs, in terms of skilled labour required for the production of headquarter services produced at firm-level, are more skilled labour intensive than both the fixed costs for the plant-level production and the marginal production costs.

The horizontal model resembles the knowledge-capital model with the existence of both plant-level and firm-level scale economies, since “knowledge” is supplied at low or no marginal cost to the production plants abroad, and the plants are more than one. The major difference with respect to the vertical and the knowledge-capital model is the fact that fixed costs at firm-level and plant-level and marginal production costs all require skilled and unskilled labour in the same proportions, i.e. the activities do not differ in skilled labour intensity, and overall the horizontal multinational requires more skilled labour than the vertical and the national firms.
The major distinguishing features of the different models of multinationals from the numerical simulation outcome of Markusen (1997) are shown in Table 2.2 below. 
Table 2.2 Types of multinationals / Effects of country characteristics on multinational activity

	Type Multinational model
	Independent effects of the countries’ total income and size difference
	Independent effects of relative endowment differences between countries
	Interaction effects between the countries’ total income and differences in relative factor endowments 
	Interaction effects between the countries’ size difference and differences in relative factor endowments 

	Horizontal model
	Yes
	No 
	No
	No

	Vertical model
	No
	Yes
	Yes
	No

	Knowledge-capital model
	Yes
	Yes
	Yes
	Yes


One of the first tests of the knowledge-capital model is performed by Carr et al. (1998), also referred in the literature as CMM. Using the theoretical model of Markusen (1997) and the results from his numerical simulation, they develop a model specification. The main results of their paper are stating that an increase in the host-country’s trade costs will raise production by affiliates of parent country firms in all cases. Furthermore, they claim that a convergence in GDP between the parent country and the host country increases affiliate sales in both directions. Lastly, they argue that an increase in the parent country’s skilled labour abundance relative to the host country increases affiliate sales from the parent to the host country. 

In Blonigen et al. (2002), also referred to as BDH, the authors use ordinary least squares and the same model specification, as well as the same dataset as CMM, only correcting for the absolute difference in skill composition between countries. After empirical tests on the corrected model, the outcome supports the horizontal integration and rejects the knowledge-capital model of multinationals. 

Braconier et al. (2003) find further support for the knowledge-capital model after introducing new theoretical interpretation of the model and by using extended dataset on affiliate sales between different country-pairs. Both Blonigen et al. (2002) and Braconier et al. (2003) use additionally FDI stock as a measure of multinational activity next to affiliate sales of multinationals. All three empirical works use the simulation results of Markusen (1997) and assume that horizontal multinationals require more high-skilled labour, in order to manage all production plants in different countries.
3. Methodology 
The methodology used in the paper defines the hypotheses and sets the model specification which is used for their empirical testing. 

3.1 Hypotheses

Summarizing the different theoretical models of multinationals described in Chapter 2, we can set several hypotheses to be tested. 
First of all, as explained by Markusen and Maskus (1999), and illustrated in a numerical simulation by Markusen (1997), we can see that vertical multinationals should mainly pursue usage of factor price differences across countries, so that they can allocate their headquarters in a skilled labour abundant country and the plant production at an unskilled labour abundant country. Similarly, the knowledge-capital-model implies a separation of skilled labour intensive from unskilled labour intensive activities. Thus, the hypothesis to be tested is that multinational activity is increasing with differences in factor abundance across countries. The assumption is that if a country is relatively skilled labour abundant, then it is cheaper for the multinational firm to allocate unskilled labour intensive activities towards countries, which are relatively abundant with unskilled labour and therefore the price of that factor is lower. If the difference in skill composition across countries proves to have an impact on multinational activity, that is a strong empirical evidence for the vertical and knowledge-capital models of multinationals, and the horizontal model can be rejected. As discussed before, horizontal integration is taking place predominantly between countries which are identical in terms of skill composition, because of the fact that all firm-level and plant-level fixed costs, as well as the marginal production costs require the same proportions of factors of production, i.e. skilled and unskilled labour. If the horizontal model is to be theoretically strong, it excludes the existence of multinationals between countries with different relative factor endowments.
The second testable hypothesis is based on the findings of Markusen, Feenstra and Rose (1998). If we assume that FDI is a substitute for trade, as it is in the horizontal model of multinationals, then the hypothesis states that multinational activity, specifically FDI, is increasing with an increase in the countries’ combined total income. If the second hypothesis is to hold, we accept the knowledge-capital and the horizontal models, and reject the vertical model, which does not support such independent relationship.

The third testable hypothesis is based on Markusen and Venables (1995), and again concerns the economic size of the countries. The hypothesis states that foreign direct investment decreases with an increasing difference between the countries’ GDP. If such differences in economic size decrease multinational activity, the theory supports the horizontal and the knowledge-capital model, as they predict independent effects of economic size and size difference on multinational activity, so we can reject the vertical model.
Further on, based on the findings of Markusen (1997), we test whether an interaction between the difference in skilled labour endowment and difference in size is leading to an increased multinational activity. The presence of such interaction supports the knowledge-capital and rejects the horizontal and the vertical models, which predict no interaction between size difference and skilled labour endowment difference.
As mentioned above, the knowledge-capital model combines motives for horizontal and vertical integration, pursuing both factor-price and market-size opportunities. It implies a significant positive relationship between multinationals’ activity on the one hand and similarity in the countries’ economic size and differences in skilled labour abundance on the other hand. Markusen (1997) shows in his numerical simulation that in the knowledge-capital model multinationals’ activity reaches its peak when the parent country is small and skilled labour abundant, and the host country is large. These conditions enable the multinational firm to take advantage of cheap factors of production abroad and to serve a large market locally. The common feature between the knowledge-capital model and the horizontal model is the fact that multinational activity is large when the countries are similar both in size and factor abundance. As discussed, if the countries differ in size, but are similar in factor abundance, national firms in the large market have advantages over multinationals and can serve the smaller market through exports. 

The major similarity between the knowledge-capital and the vertical model is that multinational activity peaks when the countries differ in relative factor abundance. However, in the vertical model the multinationals’ activity does not depend on differences in economic size or total income between countries independently of factor endowment differences. In the vertical model multinational activity increases with an increase in the sum of the countries’ GDP, but only proportionately to the increase in the home country’s relative skilled labour abundance, while the economic size of the countries is irrelevant in the model. In the knowledge-capital model the differences in country size and relative factor endowment are interrelated, the peak being when a multinational has its headquarters based in a small skilled labour abundant country and its production plants based in a large unskilled labour abundant country. The horizontal model implies no significant effects of factor endowment differences across countries, while the vertical model assumes no significant role for the countries’ economic size. 

In the case of two large countries of similar economic size and different factor endowments, as described in Markusen and Maskus (1999), given high trade costs, horizontal multinationals dominate the market. In such case all of the production in the country where the headquarters are based is aimed at the local market, therefore the multinational activity measured in affiliate sales is less than in the case of vertical integration.
Finally, we set the last hypothesis that certain country characteristics, such as common language, common border and common currency are also having an important impact on location decisions of multinationals. We try to incorporate those factors within the context of the knowledge-capital model and test their significance as a robustness check of the model. If those variables significantly affect the outcome of the regressions, then the knowledge-capital model cannot prove to be statistically robust.
3.2 Model specification

The construction of our model specification is based on the literature reviewed in Chapter 1 of the paper and follows the general equilibrium approach. It tests the hypotheses set above. The central equations we use are:
(1)  
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The main contribution of the current paper is the enlarged time and country range in the data set, covering a period of 24 years between 1982 and 2005, including 31 parent countries and 44 host countries. The panel captures rich variability of data points, so the results are not biased. Our empirical specification also introduces dummy variable for common language, which to our knowledge has not been used before in empirical tests on the knowledge-capital model of multinationals. With the introduction of those dummies we test the significance of certain location determinants of multinational activity. We also use modified measures for investment and trade restrictions, and include the most recently updated databases for school enrolment and average years of schooling in our research.
The activity of multinationals can best be measured by the amounts of foreign direct investment, either by estimating the received FDI flows or FDI stock in a country. The International Monetary Fund defines FDI as an acquisition by an entity resident in one country of a lasting interest in an entity resident in another country. FDI stocks are calculated by aggregating the amount of FDI flows over time. The dependent variable outward FDI stock, according to the definition of the IMF, is the value of the capital and reserves which a parent enterprise reports to hold in another country. The major reason for using outward FDI stock as a dependent variable in (1) is the enormous annually updated dataset of bilateral country FDI stock provided by the OECD Foreign Direct Investment database. On the other hand, data on affiliate sales for a number of years is available only for the United States, provided by the United States Department of Commerce. FDI is also a better proxy for overall multinational activity, while affiliate sales show the outcome of their activity, whether the multinationals produce mostly for the local market, as in the horizontal model, or for both local markets and for exports back to the parent country, as in the vertical model. Additionally, we also use inward FDI stock as a dependent variable in (2). The inward FDI stock is the reported by the host country value of the capital and reserves which the parent enterprise holds in it.
As can be seen in Table 3.1, a strong positive correlation between the US outward FDI stock and affiliate sales of US owned subsidiaries exists for all the years with data available. 
Table 3.1 Statistical correlations between US FDI outward stock and affiliate sales of U.S. owned foreign subsidiaries

	Year
	Correlation 

	1985
	0.79

	1990
	0.83

	1995
	0.82

	2000
	0.84


Sources: US Department of Commerce, OECD data on outward FDI stock
The variable noted as GDPSUM is the combined GDP of both countries, and according to the theory, should have a positive sign, indicating the positive role economic size has on FDI and affiliate sales. The intuition behind that is the fact that the larger the country’s market is, the more profitable is for the firms to go from being national firms with high marginal costs of exports to being multinational firms with high fixed costs for building plants and to serve the local markets at zero or close to zero marginal costs.

GDPD is the difference between the parent and the host country respective GDP. The coefficient in front of the variable should have a negative sign, displaying a negative effect on FDI according to the theory. The intuition here is that if a parent country is much larger than the potential host country, it will be more cost effective for the enterprise to be a national firm, locating both headquarters and production-plants in the large country. In that way it can take advantage of the bigger market size and the factor prices, and can avoid the high fixed costs of setting up plants in the small market. 
SQGDPD is the squared difference between GDP of the parent and the host country, SQGDPD =
[image: image5.wmf]2

)

(

H

P

GDP

GDP

-

. The difference between the countries’ GDP is squared in order to have a large positive value whenever there is a substantial difference in size, irrespectively of whether the parent or the host is significantly larger.
SKD is the difference in skill endowment between the two countries measured as the relative share of the skilled labour in the parent country minus the relative share of the skilled labour in the host country. A significant skill difference between the countries should have a positive relationship with the amount of FDI, stimulating firms from high skilled labour abundant countries to locate production in countries abundant with low-skilled labour, thereby increasing vertical integration.
IRH is a variable, capturing the investment costs of investing in the host country. High investment barriers and costs should generally have a negative impact on the amount of FDI in the host country. However, it is also theoretically possible that high investment barriers could be increasing multinationals activity, due to the high entry barriers and the expected consequent lack of competition on the market. High investment barriers also have less impact when fewer investment alternatives with comparative advantages exist.

TRH is a variable capturing the trade costs of exporting to the host country. High trade costs of exporting to the host should boost horizontal investment in that country in order for multinationals to serve the local markets through local production. 

The variable TRP captures the costs of exporting back to the parent country from the production facilities in the host country. In that case, high trade costs are expected to have little effect on horizontal integration which is predominantly oriented towards serving the local markets. On the other hand, high trade costs in the parent country are an impediment for vertical integration, making the exports from the low-skilled labour abundant host country to the high-skilled labour abundant country more expensive. On the whole, the sign of the parent country trade costs variable in determining the amount of FDI stock according to the knowledge-capital model is negative.

The interactive term SKD*GDPD is a term capturing the effects of both skill endowment difference between the countries and their economic size difference. An increase in the skill difference between the countries implies a positive effect on the outward FDI stock when the parent is small and skilled labour abundant, so the sign in front of the term should be negative. In accordance with the theory, when the parent country is large and skilled labour abundant, then national firms and national production dominate the markets. Therefore, the effect of the term on outward FDI is very weak, again implying that the sign in front should be negative. 
TCJ*SKDIFFSQ is an interactive term which is theoretically unclear about the impact on the FDI stock. The higher the trade costs in the host country are, the better for the horizontal multinationals to locate production plants abroad and to serve the foreign market locally. However, with an increase in the skill endowment difference between the countries, the motives for horizontal investment diminish. Despite the fact that the theory generally suggests a negative sign, so that the effect of host-country trade costs is weakened, the theoretical hypothesis about this variable is not really clear and it needs to be tested empirically before further analyses. 
Table 3.2 Expected sign and significance of the variables in the different models of multinationals

	Variable
	Horizontal 
	Vertical
	Knowledge-Capital

	GDPSUM
	(+)
	insignificant
	(+)

	SQGDPD
	(-)
	insignificant
	(-)

	SKD
	insignificant
	(+)
	(+)

	GDPDSKD
	insignificant
	insignificant
	(-)

	IRH
	(-)
	(-)
	(-)

	TRH
	(+)
	(+)
	(+)

	TRP
	insignificant
	(-)
	(-)

	DISTANCE
	(-)
	(-)
	(-)

	TRHSKDSQ
	insignificant
	insignificant
	(-)


3.3 Data analyisis and variable construction
The countries used as parent countries in the current research are the 30 OECD countries and are listed in Appendix 1. The reason for the selection of the OECD countries as parent countries of FDI is primarily the fact that for the past 50 years developed countries have been dominating this field. The distribution of inward and outward FDI stock for the past 25 years is given in Table 3.3 and Table 3.4. According to the UNCTAD database, between 1980 and 2005 the amount of the World Inward FDI stock increased more than fourteen times from nearly 700 billion dollars to approximately 10 trillion dollars in 2003. Both on the inward and the outward side, the OECD countries play an important role. They are the host of FDI stock for approximately 72% of the World inward FDI stock in 2005, raising their share from 56% in 1980. Developed countries are at the same time parent countries in nearly 87% of the World outward FDI stock in 2005.
 While the developing countries received approximately 44% of the inward FDI in 1980, their share has gradually decreased and stands at approximately 29% in 2005. These numbers show divergence in multinational activity among developed and developing countries. The major host countries of FDI stock throughout the period are USA, UK and Germany. Japan traditionally is not among the major recipients of FDI stock due to historic and legislative factors. Despite this fact, Japan is still included in our empirical study in the list of host countries, also included in the Appendix. 
Table 3.3 Inward FDI Stock by economic region (billions of dollars)

	Economic region
	Year
	1980
	1990
	1995
	2000
	2001
	2002
	2005

	World economy
	699
	1954
	3002
	6147
	6607
	6935
	9874

	Developed Countries
	392
	1400
	2041
	3988
	4277
	4595
	7117

	European Union - 25
	-
	768
	-
	2180
	-
	-
	4499

	USA
	-
	395
	-
	1257
	-
	-
	1626

	Canada
	-
	113
	-
	213
	-
	-
	357

	Japan
	-
	10
	-
	50
	-
	-
	101

	Developing countries
	307
	554
	961
	2159
	2330
	2340
	2757

	Africa
	32
	51
	78
	145
	158
	171
	264

	Latin America and the Caribbean
	50
	117
	202
	609
	706
	762
	937

	South-East Asia
	216
	340
	583
	1186
	1215
	1305
	1400

	Central and Eastern Europe
	-
	3
	40
	129
	156
	188
	256

	Least Developed Countries
	3
	8
	16
	36
	41
	46
	77


Source: UNCTAD
We can see some other trends as well, namely the decline in the relative US share of both inward and outward FDI stock from respectively 20% and 24% of the total world FDI stock in 1990 to respectively 16% and 19% in 2005. On the other hand, the European Union-25 has increased its relative share both in the world inward and outward FDI stock from 39% and 46%, to 45% and 51% respectively. Two regions which register significant upward trend in their FDI activity are South-East Asia, whose relative share of outward FDI stock increased from less than 1% of the world FDI stock in 1980 to nearly 8% in 2005, and Central and Eastern Europe, which increased its relative share of inward FDI stock from less than 1% in 1990 to close to 3% of the total world FDI stock in 2005.

Table 3.4 Outward FDI Stock by economic region (billions of dollars)

	Economic region
	Year
	1980
	1990
	1995
	2000
	2001
	2002
	2005

	World economy
	564
	1763
	2901
	5992
	6319
	6866
	10672

	Developed Countries
	499
	1629
	2584
	5155
	5488
	5988
	9272

	European Union - 25
	-
	810
	-
	3050
	-
	-
	5475

	USA
	-
	431
	-
	1316
	-
	-
	2051

	Canada
	-
	85
	-
	238
	-
	-
	399

	Japan
	-
	201
	-
	278
	-
	-
	387

	Developing countries
	65
	134
	317
	837
	831
	878
	1400

	Africa
	7
	21
	33
	49
	43
	44
	54

	Latin America and the Caribbean
	52
	93
	61
	160
	168
	173
	346

	South-East Asia
	5
	41
	179
	594
	577
	611
	838

	Central and Eastern Europe
	-
	1
	6
	19
	25
	29
	127

	Least Developed Countries
	-
	1
	2
	3
	3
	3
	4


Source: UNCTAD
As supported by the correlation shown in Table 3.1, a country’s FDI stock can be used as a proxy for the combined value of all the foreign affiliates’ sales of that country. Moreover, the FDI stock is a more stable economic parameter than FDI flows and is more important in describing the general international production environment and the international networks which multinational companies create.
When estimating our model, the FDI stock is used both in nominal and real terms, since the theory is not clear about the efficiency of the usage. The GDP of the parent and the host countries are also used both in real and nominal terms. Both GDP and FDI stock are taken in current US dollars for each of the years in the period 1982-2005 and then recalculated in 2000 US dollars using a GDP deflator.
 Since the outcomes of the regressions do not differ significantly neither in signs, nor in magnitudes, the results displayed and discussed in Chapter 4 of the paper are only those where GDP and FDI stock are taken in real terms, calculated in constant 2000 US dollars. Due to differences in the reporting processes and institutional requirements across countries, or due to measurement errors, the reported amounts of inward and outward FDI stock for identical country pairs tend to differ for different years. For example in 2005 France reported outward FDI stock to USA at 169,016 billions of dollars, while for the same year USA reported inward FDI stock from France at 193,233 billions of dollars. Furthermore, inward and outward FDI stock data is available for different years across different countries in the period 1982-2005. Because of these factors, regression analyses are performed both on inward and outward FDI stock.

Outward FDI stock is noted OFDI, while inward FDI stock is noted IFDI throughout the regressions. The sum of GDP is noted GDPSUM and is the combined real GDP of both countries, 
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The core explanatory variables in the knowledge-capital model are the skill difference between the parent and the host, and its interaction with the other independent variables. The most important question arising then is how to distinguish between the skilled labour endowments of different countries. Several different techniques have been used so far in the literature. We use two different proxies for human capital in order to represent the skill composition of each country in our panel data. Firstly, gross enrolment rate at secondary school for the total population aged above 15 years of age is used in the regression. The data is provided by the World Bank Educational Database and the age restriction represents realistically the labour market situation in most developing countries, where people in teen age are forced by circumstances to work at an earlier stage in life. The data used for people over 15 years of age allows comparisons in skill composition between developed and developing countries to be more accurate. The difference in skill between any set of two countries thus is simply the gross enrolment rate of the parent country minus the gross enrolment rate of the host country, 
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. This is a measure of relative skill endowment difference since it compares the relative shares of skilled groups among the population.
The second proxy for human capital used in the regression analyses is average years of schooling for the total population over 25 years of age in each country. It is taken from Barro and Lee’s most recently updated International data on educational attainment (2000). Their measure is adjusted for changes in the educational systems of the countries and takes into account the specific duration of the different educational levels across countries. The data is also adjusted for repeaters. All the countries used in the panel have observations available for every five years for the period 1960-2000, as the values for the year 1980 are assigned by us to the year 1982 in the regression. The difference in skill between any set of two countries is the average years of schooling for the population over 25 years of age in the parent country minus the average years of schooling for the population over 25 years of age in the host country, 
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Due to similarities in signs and magnitudes in the regression outcomes and since the correlation between average years of schooling for people aged over 25 and the gross enrolment rate at secondary school for people aged over 15 is above 0.90 for all the years studied, only the results with gross enrolment rate as a skill measure are shown and discussed in Chapter 4. The difference in skill endowment between the countries is noted as SKD, the squared difference in skill endowment being noted as SKDSQ, 
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The measure for investment barriers in the host country is constructed as follows. Data on investment risk for each country is taken from IMD World Competitiveness Online and the World Competitiveness Report. In both sources the indices are based on surveys at different international economic forums and take into account the financial infrastructure in different countries, macroeconomic and political stability of the country and certain corruption perception indices.  The investment risk index takes values between 0, which is extremely high investment risk and 100, which is an extremely safe investment destination. The investment risk index is subtracted from 100 and the outcome is assigned as an investment restriction measure for each country. This is done in order to reverse the values, now a value of 100 being assigned to very high-risk countries and a value of 0 being assigned to very low-risk countries. Hence, high investment risk serves as a proxy for high investment barriers in the host country. Data for all the countries in the panel is available for the period after 1989. The investment restrictions in the host country are noted IRH.
The variable used to measure the trade restrictions in both the parent and the host country is constructed identically to the way it is used by the IMD World Competitiveness Online. The sum of import and export of each country for each year is shown as a percentage of two times their respective GDP. IMD World Competitiveness Online provides the index on trade openness for the period 1998-2005, so the missing values were additionally calculated using data from the World Bank and OECD databases on trade. Since the percentage varies between 6% for extremely closed economies
 and 230%
 for extremely export and import oriented economies, the trade restriction measure is constructed as follows. First of all, the 
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 ratio is multiplied by 100. Thus, we get values between 6 and 230. The resulting value for each country is subtracted from 100. Therefore, countries with values close to 0 or less than 0 for the resulting variable are representing lower trade restrictions and countries with values approximating 100 are representing higher trade restrictions. Trade restrictions in the parent country are noted TRP, while trade restrictions in the host country are noted TRH.
After initially estimating the knowledge-capital model, some empirical tests on previous theoretical findings and stylized facts are performed by using a set of dummy variables in the model specification. Firstly, it is checked whether the inclusion of an explanatory time-varying dummy variable changes any of the signs or magnitudes of the other regressors in the model. Secondly, it is checked whether the dummy variables are statistically significant and how they affect international investment. 

Based on the findings of Petroulas (2007), a specific dummy variable is used in the model specification to capture any effects of a membership in the Euro-zone on international investment. The variable takes the value of 0 for all the years before 1999 and the respective introduction of the euro, and if the country-pair is not in the Euro zone after 1999. The variable takes the value of 1 if the country-pair is in the Euro zone thereafter. Since the data used in the panel captures the period 1982-2005, membership in the Euro zone for the same period only is taken into account. Therefore, Cyprus, which entered the Euro zone in 2006, is assigned a value of 0 for the whole period. The expected sign is positive and it is assumed that members of the Euro area should have increased multinational activity between them due to the common currency. 
Another dummy variable used is for common border between the countries. It takes the value of 0 if the country-pair has no common border and the value of 1 if the country-pair has a common border. The expected sign is again positive and it is assumed that countries with common borders have more intensive multinational activity between them due to the geographical proximity, and in most cases, common cultural and historical background. 
Lastly, a dummy variable for common language is used, taking the value of 0 if the countries in the country-pair do not speak a common language and the value of 1 if they speak a common language. The expected sign is also positive and it is assumed that a common language between countries greatly facilitates international investment. 
The last explanatory variable used in the model specification is distance. The distance is measured as the land distance between the capitals of the parent and the host country, in accordance with previous studies.
 Trade theory assumes that with an increase in the distance, the costs of transportation also increase, which leads to a negative impact on the volumes traded. For the purposes of our paper we make the assumption that distance affects negatively FDI, since larger distances are often related to higher costs for market research, market development, bridging larger geographical and cultural barriers, information costs, etc.

Looking at the outward FDI correlation matrix in Table 3.4 below, we can see that the outward FDI stock variable displays the strongest correlation with the countries’ total income, the correlation being positive. At the same time, the correlation with the variable capturing differences in the relative skill endowment between countries is positive. We can also see that the correlation between the variable capturing economic size difference and FDI stock is negative, although very weak. Not surprisingly, the correlation between investment restrictions and FDI stock, as well as investment restrictions and total income, is negative, thus confirming the stylized facts that investment liberalization boosts economic growth and that multinational companies invest predominantly in countries where investment barriers are lower. The positive correlation between outward FDI stock and trade barriers in the host country can be explained again with the activity of horizontal multinationals, which serve markets from local plants, thereby avoiding costly exports. Trade restrictions and investment restrictions show a slight positive relationship, indicating that countries with higher barriers tend to offer worse investment opportunities.
Table 3.5 Correlation matrix Outward FDI Stock 
	Variable
	OFDI
	GDPSUM
	IRH
	SKD
	TRP
	TRH
	GDPD
	DISTANCE

	OFDI
	 1.00
	 
	
	
	 
	
	 
	

	GDPSUM
	 0.47
	 1.00
	
	 
	
	
	 
	

	IRH
	-0.17
	-0.16
	 1.00
	 
	
	 
	 
	

	SKD
	 0.09
	 0.04
	 0.36
	 1.00
	 
	 
	 
	

	TRP
	 0.10
	 0.33
	 0.03
	 0.05
	 1.00
	
	 
	

	TRH
	 0.29
	 0.19
	 0.17
	 0.06
	-0.01
	 1.00
	
	

	GDPD
	 -0.04
	 0.17
	 0.19
	 0.37
	 0.36
	-0.19
	 1.00
	

	DISTANCE
	 -0.06
	 0.14
	 0.16
	 0.19
	 0.19
	0.03
	 0.08
	1.00


Looking at the inward FDI correlation matrix in Table 3.5 below, we can see that the inward FDI stock variable again displays the strongest correlation with the countries’ total income, the correlation being again positive. Similarly, its correlation with the variable capturing differences in relative skill endowment between countries is weakly positive and its correlation with the variable capturing economic size difference is weakly negative. The correlation between distance and both inward and outward FDI stock is slightly negative, in accordance with our initial expectations. 

Table 3.6 Correlation matrix Inward FDI Stock 
	Variable
	IFDI
	GDPSUM
	IRH
	SKD
	TRP
	TRH
	GDPD
	DISTANCE

	IFDI
	 1.00
	 
	
	
	 
	
	 
	

	GDPSUM
	 0.51
	 1.00
	
	 
	
	
	 
	

	IRH
	-0.15
	-0.16
	 1.00
	 
	
	 
	 
	

	SKD
	 0.05
	 0.04
	 0.36
	 1.00
	 
	 
	 
	

	TRP
	 0.08
	 0.33
	 0.03
	 0.05
	 1.00
	
	 
	

	TRH
	 0.31
	 0.19
	 0.17
	 0.06
	-0.01
	 1.00
	
	

	GDPD
	 -0.07
	 0.17
	 0.19
	 0.37
	 0.36
	-0.19
	 1.00
	

	DISTANCE
	 -0.03
	 0.14
	 0.16
	 0.19
	 0.19
	0.03
	 0.08
	1.00


4. regression results

The method used in the regression analyses is ordinary least squares (OLS). Since it is a panel data analyses where the data is pooled and repeated observations over the same subjects are performed, the usage of OLS often leads to biased estimates of the regression. To correct for this bias, fixed effects estimators are used, so that random effects are assumed to be constant over time and fixed effects are imposed by using a dummy variable for each country-pair or time period. Through the fixed effects estimators, the regression line is fitted individually for each cross-section or time period. By using fixed effects, we try to compensate for potentially omitted from the regression variables.
 
Table 4.1 shows the results from the first regression where we estimate the model specification with outward FDI stock being the dependent variable. In (1) we use country-pair fixed effects, while in (2) we do not use any fixed effects. Since the explanatory power of the regressions measured in R-squared is always increasing when additional explanatory variables are used, the adjusted R-squared is presented in the output. We can see that the explanatory power of the regression is considerably higher in (2) than in (1). Using the sum of the squared residuals from the regressions, we performed an F-test to see if the dummy variables introduced with the fixed effects are significant. We set the null hypothesis that the dummies are insignificant and the alternative hypothesis that the dummies are significant. The F-statistic is 19.86 and we can firmly reject the null hypothesis at the 5% level of significance. The fixed effects do capture some unobservable effects in the regression.
 All of the signs of the variables in (1) support the knowledge-capital model as predicted in the theory. The only insignificant variable at the 5% level is TRHSKDSQ. It has the predicted negative coefficient, since trade restrictions in the host country imply horizontal investment, while difference in the skill endowment between countries implies vertical investment. Therefore, the negative sign should weaken the influence of trade restrictions in the host country for the multinational activity. The IRH, TRH and TRP variables are all significant and their signs are again as theoretically predicted. According to the knowledge-capital model, higher restrictions to trade in the parent country should discourage vertical investment, while in the horizontal model trade restrictions in the parent country are irrelevant to multinational activity. Accordingly to the horizontal model, FDI is also increasing with an increase in the trade restrictions in the host country. The variable SQGDPD has the expected negative sign. Large difference in economic size between countries is a precondition for the dominance of national firms on larger domestic markets. The other variables also have signs as expected. The FDI stock is increasing in the sum of the GDP of the two countries and in the skill difference between them, and decreasing with higher investment restrictions in the host country. 
Regression (2) displays similar signs and magnitudes as (1), except for the fact that the SQGDPD and TRP variables become insignificant at the 5% level, while the TRHSKDSQ variable shifts its sign from negative to positive, and becomes significant. This can be explained with the fixed effects attributed to each country-pair in the second regression, thus capturing unobserved in the first regression effects. The fact that the fixed effects do not change the signs and magnitudes of core variables proves the robustness of the results.
Table 4.1 
Dependent variable: Outward FDI Stock 

Estimation with no effects and with country-pair fixed effects
	Variable
	OLS Estimate

No fixed effects
 (1)
	T-statistic
	OLS Estimate

Country-pair

fixed effects

(2)
	T-statistic

	INTERCEPT
	2093.20
	6.29*
	-11944
	-1.90

	GDPSUM
	0.006
	16.00*
	0.008
	4.00*

	SQGDPD
	-2.49E-10
	-7.23*
	-9.00E-11
	-0.88

	SKD
	35.91
	26.71*
	735.89
	2.57*

	GDPDSKD
	-0.0004
	-6.86*
	-0.0004
	-3.49*

	TRH
	45.88
	9.23*
	20.64
	2.23*

	IRH
	-354.10
	10.00*
	-171.48
	5.79*

	TRHSKDSQ
	-0.01
	-0.12
	4.45
	2.69*

	TRP
	-64.94
	-9.43*
	-66.83
	-1.60

	Adjusted R-squared
	0.44
	0.73

	F-statistic
	655.9
	29.55


Notes: a) 13257 observations; b) 1117 cross-sections; c) 1117 country-pair fixed effects in regression (2); d) White cross-section correction for heteroskedasticity in both regressions (1) and (2); e) * - variable statistically significant at the 5% level.

Further on, we use inward FDI stock as a dependent variable. Again, when using no fixed effects and country-pair fixed effects in (3) and (4), we have different adjusted R-square values. We again set the null hypothesis that the dummies introduced with the fixed effects are insignificant and the alternative hypothesis that the dummies are significant. When performing the F-test one more time, we find that the dummy variables introduced by the country-pair fixed effects are significant. 

The only notable change in the results is the insignificance in both regressions of the SQGDPD variable, while the TRP variable is showing positive relationship with FDI stock in regression (3), however, with no statistical significance. The sign of TRP in regression (4) this time is correct and the coefficient is significant. The TRHSKDSQ variable is statistically significant in both regressions, but has a positive sign, which is not predicted by the theory. The fact that the fixed effects do not change the signs and magnitudes of core variables again proves the robustness of the results.

Table 4.2 
Dependent variable: Inward FDI Stock 

Estimation with cross-section and time-specific fixed effects
	Variable
	OLS Estimate

No fixed effects (3)
	T-statistic
	OLS Estimate

Country-pair

fixed effects

(4)
	T-statistic

	INTERCEPT
	-22644
	-9.09*
	-11921
	-5.12*

	GDPSUM
	0.009
	10.02*
	0.009
	11.76*

	SQGDPD
	-2.34E-11
	0.89
	-3.28E-11
	1.23

	SKD
	504.88
	2.12*
	633.25
	2.96*

	GDPDSKD
	-0.0004
	-4.09*
	-0.0004
	-4.44*

	TRH
	23.41
	5.13
	32.94
	2.86*

	IRH
	-151.28
	9.16*
	-101.81
	-7.74*

	TRHSKDSQ
	4.93
	8.86*
	5.12
	7.14*

	TRP
	9.27
	1.05
	-39.34
	-2.42*

	Adjusted R-squared
	0.45
	0.74

	F-statistic
	639.22
	28.34


Notes: a) 13313 observations; b) 1116 cross-sections; c) 1116 country-pair fixed effects in regression (4); d) White cross-section correction for heteroskedasticity in both regressions (3) and (4); e) *- variable statistically significant at the 5% level.
Next, we introduce period fixed effects along with the country-pair fixed effects. In regressions (5) and (6) in Table 4.3 and Table 4.4, where the dependent variables are respectively outward and inward FDI stock, the results are correct in terms of signs of the variables, the only exception being the TRHSKDSQ variable, which is positive in sign again. The core variable GDPDSKD is significant and negative, hence predicting an increase in foreign investment from small skilled labour abundant countries toward large countries endowed with unskilled labour. The SKD variable is also significant and strongly positive, as predicted. The GDPSUM variable remains significant and positive, while the coefficient of the IRH variable increased more than twice in magnitude in comparison with regression (1). The TRH term is significant and positive again, in accordance with our theoretical predictions. The TRHSKDSQ variable maintains its significance and positive sign. What is controversial in the regressions is the insignificance of the SQGDPD and the TRP variables at the 5% level. The explanatory power is higher in (5) and (6) than in regressions (1)-(4) due to the use of fixed effects, which assign country-pair and time period dummy variables for capturing some unobserved effects, if such exist.
Table 4.3 
Dependent variable: Outward FDI Stock 

Estimation with country-pair and period fixed effects

	Variable
	OLS Estimate

country-pair and period fixed effects

(5)
	T-statistic

	INTERCEPT
	-24377
	-8.89*

	GDPSUM
	0.008
	9.58*

	SQGDPD
	-2.55E-11
	0.43

	SKD
	474.88
	2.28*

	GDPDSKD
	-0.0004
	-4.09*

	TRH
	30.83
	3.73

	IRH
	-354.10
	10.00*

	TRHSKDSQ
	4.70
	8.32*

	TRP
	19.37
	0.60

	Adjusted R-squared
	0.75

	F-statistic
	25.22


Notes: a) 13257 observations; b) 1117 cross-sections; c) 1117 country-pair fixed effects in regression (5);  d) 24 period fixed effects in regression (5); e) White cross-section correction for heteroskedasticity in regression (5); f) *- variable statistically significant at the 5% level.
Table 4.4 
Dependent variable: Inward FDI Stock 

Estimation with country-pair and period fixed effects

	Variable
	OLS Estimate

country-pair and period fixed effects

(6)
	T-statistic

	INTERCEPT
	-22644
	-9.09*

	GDPSUM
	0.009
	10.02*

	SQGDPD
	-2.34E-11
	0.89

	SKD
	504.88
	2.12*

	GDPDSKD
	-0.0004
	-4.09*

	TRH
	23.41
	5.13

	IRH
	-151.28
	9.16*

	TRHSKDSQ
	4.93
	8.86*

	TRP
	9.27
	1.05

	Adjusted R-squared
	0.76

	F-statistic
	24.71


Notes: a) 13313 observations; b) 1116 cross-sections; c) 1116 country-pair fixed effects in regression (4); d) White cross-section correction for heteroskedasticity in both regressions (3) and (4); e) *- variable statistically significant at the 5% level.
Summing up the first six regressions, the evidence on the knowledge-capital model is strong, except for the role of the TRHSKDSQ variable and the fact that the impact of the differences in the countries total income and trade barriers in the parent country is inconclusive, since the coefficients are not statistically significant when fixed effects are used. The other variables are all fitting the theoretical models from Chapter 2. FDI stock is increasing with the combined GDP of the parent and the host country, and in the skill difference between the countries. Expectedly, the sign in front of the interaction term GDPDSKD is negative, thus showing that multinational activity reaches a peak when the parent country is small and skilled labour abundant, while the host country is large and unskilled labour abundant. High trade restrictions in the host country prove to increase investment and support the horizontal and knowledge-capital models, while investment restrictions are decreasing investment abroad.

Regressions (7) and (8) include the explanatory variable distance in the model specification. The variable distance is constant throughout the period for the country-pair. Because of that we do not use fixed effects in our estimations. A disadvantage of the fixed effects estimation technique is that one cannot estimate the impact of variables which remain unchanged over the time period for the country-pair. In order not to skip important variables and to assess the impact of distance on FDI stock, we perform regressions with no country-pair or period fixed effects. The dependent variable in (7) is outward FDI stock, while the dependent variable in (8) is inward FDI stock. What do the results show?

First of all, similarly to our expectations, the variable distance has a negative sign in regression (7), therefore indicating that further distances between countries are affecting negatively multinational activity. The sum of the countries’ total income continues to be statistically significant and a positive determinant for the FDI stock. The variable SQGDPD this time is significant at the 5% level and has the predicted sign. Both variables are behaving in accordance with the knowledge-capital and the horizontal model, and give reasons for the rejection of the vertical model. On the other hand, the variable SKD remains highly significant and hence supports the vertical and the knowledge-capital model of multinationals. The interaction term GDPDSKD is small in magnitude, but has the expected sign predicted by the knowledge-capital model. The TRP and TRH variables have the expected negative and positive signs respectively, and are significant at the 5% level. The sum of the countries’ total income affects positively the amount of FDI stock as predicted by the theory. The interactive term TRHSKDSQ now has the expected negative sign, but is insignificant at the 5% level.
It is evident from the adjusted R-squared values of regressions (7) and (8) that when not using fixed effects, the explanatory power of the regression decreases considerably.

Table 4.5
Dependent variable: Outward FDI Stock 

Estimation without fixed effects, distance included
	Variable
	OLS Estimate

No fixed effects

(7)
	T-statistic

	INTERCEPT
	2538.73
	7.43*

	GDPSUM
	0.006
	15.73*

	SQGDPD
	-2.46E-10
	-7.26*

	SKD
	91.83
	2.90*

	GDPDSKD
	-0.0004
	-6.92*

	TRH
	46.29
	29.53*

	IRH
	-21.34
	-3.94*

	TRHSKDSQ
	-0.04
	-0.31

	TRP
	-57.72
	-8.56*

	DISTANCE
	-0.21
	-6.02*

	Adjusted R-squared
	0.49

	F-statistic
	594.1


Notes: a) 13257 observations; b) 1117 cross-sections; c) White cross-section correction for heteroskedasticity; d) * - variable statistically significant at the 5% level.

In regression (8) the impact of the countries’ total income, the host country’s investment and trade barriers, and the distance variable is stronger in magnitude than in regression (7), all variables maintaining their signs. The variable SKD remains highly significant in (8) and therefore gives further support to the knowledge-capital model of multinationals. Similarly to (7), the TRP and TRH variables have the expected negative and positive signs respectively, and are significant at the 5% level. The variable SQGDPD maintains its significance at the 5% level and again has the predicted sign. 
Table 4.6 
Dependent variable: Inward FDI Stock 

Estimation without fixed effects, distance included

	Variable
	OLS Estimate

No fixed effects

(8)
	T-statistic

	INTERCEPT
	2594.93
	5.98

	GDPSUM
	0.009
	13.93

	SQGDPD
	-2.77E-10
	-5.46

	SKD
	190.10
	3.82

	GDPDSKD
	-0.0006
	-6.75

	TRH
	67.31
	16.88

	IRH
	-31.75
	-7.19

	TRHSKDSQ
	-0.07
	-0.43

	TRP
	-58.24
	-7.09

	DISTANCE
	-0.32
	-6.02

	Adjusted R-squared
	0.48

	F-statistic
	500.68


Notes: a) 13313 observations; b) 1116 cross-sections; c) White cross-section correction for heteroskedasticity;  d) * - statistically significant at the 5% level.

Table 4.7 and Table 4.8 present the regression output for the independent variables outward FDI stock and inward FDI stock respectively, as new control variables are introduced individually in each regression. We try to capture some of the effects caught by the country-pair fixed effects in regressions (1)-(6). Regressions (9)-(14) are performed with no fixed effects. As discussed above in the text, one of the disadvantages of the fixed effects estimation technique is that one cannot estimate the impact of variables which remain unchanged over the time period for the country-pair. Both dummy variables for common language and common borders remain constant throughout the period in the panel set. The lack of country-pair fixed effects significantly reduces the explanatory power of the regressions in comparison to the previous regressions. However, when using any of the three variables DUMCB, DUMCL or DUMEURO, the expected signs for the knowledge-capital model are all present. 
The dependent variable in (9), (10) and (11) is outward FDI stock and the dependent variable in (12), (13) and (14) is inward FDI stock. The dummy variable used in (9) and (12) is for common border between the countries, the dummy variable used in (10) and (13) is for common language, and the dummy variable used in (11) and (14) is for common membership in the Euro-zone. 

The variable SUMGDP is positive and significant, supporting the stylized facts that multinational activity is increasing with the increase in the countries’ economic size. The variable SQGDPD is negative and significant, hence giving proof that multinational activity is most important between countries of similar economic size. The variable SKD, which is a core variable in the knowledge-capital model, is significant at the 5% level in all the regressions except in (9), where it is marginally insignificant. 
The interactive term GDPDSKD, which is another core explanatory variable in the knowledge-capital model, has the expected negative sign of the coefficient and is significant at the 5% level in all regressions. Since the knowledge-capital model predicts a peak of multinational activity when the parent country is small, but skilled labour abundant, then the sign of GDPDSKD which is 
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should be negative. Combined with a negative sign of the coefficient in front, a small skilled labour abundant parent country and a large unskilled labour abundant host should increase the multinational activity measured in FDI stock between the countries.
In all the regressions (9)-(14) the variable TRHSKDSQ remains statistically insignificant at the 5% level. This result, however, is not unpredicted, since as already discussed in Chapters 2 and 3, the theory is not straightforward about the sign and magnitude of this interactive term.

Otherwise, the control variables IRH, TRH and TRP all have the expected signs and are significant at the 5% level. High investment restrictions in the host country decrease FDI stock, while high trade restrictions in the host country increase FDI stock through horizontal investment. As already discussed, high trade restrictions in the parent country discourage vertical investment and thus decrease multinational activity across countries.

Table 4.7 
Dependent variable: Outward FDI Stock

Estimation with additional control variables 
	Variable
	OLS estimate

(9)


	T-statistic
	OLS estimate

(10)


	T-statistic
	OLS estimate

(11)
	T-statistic

	INTERCEPT
	616.40
	1.57
	554.12
	12.31*
	1684
	3.53*

	GDPSUM
	0.007
	19.02*
	0.006
	19.80*
	0.007
	50.96*

	SQGDPD
	-1.22E-10
	-6.72*
	-3.99E-10
	-7.29*
	-6.90E-10
	-14.78*

	SKD
	99.97
	1.95
	44.25
	2.17*
	29.08
	2.53*

	GDPDSKD
	-0.004
	-9.60*
	-0.004
	-8.576*
	-0.0004
	-17.02*

	TRH
	28.48
	9.30*
	25.08
	7.43*
	46.76
	10.03*

	IRH
	-37.78
	-8.09*
	-24.94
	-4.96*
	-21.98
	-2.64*

	TRHSKDSQ
	-0.03
	-0.27
	-0.14
	-1.30
	-0.004
	0.02

	TRP
	-52.09
	-6.74*
	-43.14
	-6.34*
	-63.38
	-9.91*

	DISTANCE
	-0.14
	-5.93*
	-0.22
	-4.36*
	-0.19
	-3.92*

	DUM CB
	5672.93
	9.08*
	
	
	
	

	DUM CL
	
	
	9637.66
	12.41*
	
	

	DUM EURO
	
	
	
	
	1519.52
	3.68*

	Adjusted R-squared
	0.53
	
	0.55
	
	0.51
	


Notes: a) 13257 observations; b) 1117 cross-sections; c) White cross-section correction for heteroskedasticity; d) * - variable statistically significant at the 5% level.
All the dummy variables in regressions (9)-(14) show strong significance and prove that geographical, lingual and cultural proximity, as well as common monetary policy are crucial factors in the choice of investment locations by multinationals. 
A common language is often among the major factors when determining the destination of FDI, especially in cases where the recipient country is an English speaking one. The significant amount of FDI stock between USA, UK, Ireland, Canada, Singapore and Hong Kong is a proof of that. 
On the other hand, geographical proximity is also an explanation why the US multinationals, for instance, invests more in Canada and Mexico, than in Hungary or Spain.
Lastly, it is observable that the dummy variables for common language, common border and common membership in the euro zone display stronger magnitudes in regressions (9)-(11) than in regressions (12)-(14).
Table 4.8
Dependent variable: Inward FDI Stock 

Estimation with additional control variables 
	Variable
	OLS estimate

(12)
	T-statistic
	OLS estimate

(13)


	T-statistic
	OLS estimate

(14)
	T-statistic

	INTERCEPT
	124.82
	2.73*
	386.35
	10.83*
	945.60
	5.21*

	GDPSUM
	0.011
	14.88*
	0.010
	12.40*
	0.006
	20.23*

	SQGDPD
	-1.58E-10
	-6.72*
	-5.88E-10
	-7.29*
	-7.31E-10
	-14.78*

	SKD
	128.87
	1.97*
	54.33
	3.50*
	99.36
	4.11*

	GDPDSKD
	-0.008
	-6.12*
	-0.003
	-7.62*
	-0.008
	-12.33*

	TRH
	32.48
	-9.30*
	25.08
	-7.43*
	46.76
	-10.03*

	IRH
	-37.78
	-8.09*
	-24.94
	-4.96*
	-21.98
	-2.64*

	TRHSKDSQ
	-2.22
	-1.43
	-1.22
	-1.88
	-2.82
	1.52

	TRP
	-30.19
	-4.15*
	-33.87
	-4.34*
	-48.91
	-6.17*

	DISTANCE
	-2.77
	-3.68*
	-0.95
	-3.90*
	-0.09
	-2.43*

	DUM CB
	4015.15
	10.82*
	
	
	
	

	DUM CL
	
	
	3098.09
	22.38*
	
	

	DUM EURO
	
	
	
	
	987.33
	2.66*

	Adjusted R-squared
	0.52
	
	0.54
	
	0.51
	


Notes: a) 13313 observations; b) 1116 cross-sections; c) White cross-section correction for heteroskedasticity; d) * - variable statistically significant at the 5% level.

conclusion

The main purpose of this paper is to find an answer to question: “What can explain the mobility and allocation of FDI?” For the aims of the paper, we focus on certain country characteristics and test the knowledge-capital model of multinationals. On the basis of our empirical tests, we can state that there is evidence on the positive effects of the countries’ total income, their size difference and the difference in skilled labour endowment on international investment. 
The difference in the skilled labour endowment of the countries is a precondition for the knowledge-based activities such as research and development, accounting, marketing, financial management, etc. to be separated from the production geographically and supplied to production facilities at low cost. Those knowledge-based activities are more skilled labour intensive than the production process itself. The similarity in size between the countries gives an advantage of multinationals to locate production facilities in both countries and to use their firm-level and plant-level scale economies, since the knowledge-based activities have a joint-input characteristic and can be supplied to other production facilities at low cost.

Most of the coefficients of the explanatory variables tested support the knowledge-capital model, have the expected signs and are highly significant throughout the empirical analyses. The variables TCJ and TCI are insignificant in the first regression, but prove to be significant in the model when controlling for distance and other geographical, lingual and cultural effects. Therefore, controlling for distance, the decisions of multinational enterprises to invest abroad are related to the costs of investing in the country and the strength of various import and export restrictions. The only notable exception is the interaction term TRHSKDSQ which is either insignificant or with an unexpected positive sign in most of the results, which is not predicted by the theory. 
Overall, according to our research, FDI is strongly sensitive to bilateral aggregate economic activity, squared differences in GDP and differences in skilled labour endowment. The model allows for simultaneous horizontal and vertical motives for direct investment and puts an emphasis on certain interactions, such as that between size and endowment differences. These results do support the knowledge-capital model of multinationals. Moreover, we find that the sign of the interactive term between skill difference and GDP difference of the countries has the expected negative sign of the coefficient, thus predicting an increase in multinationals activity when the parent country is small and skilled labour abundant. This is exactly as predicted by the knowledge-capital model.

The results are straightforward in terms of the role of investment and trade restrictions in the host country, as they prove that higher trade barriers in the host country lead to an increase in the multinational activity, while higher investment barriers in the host country reduce multinational activity. While the investment barriers have the same impact on both vertical and horizontal integration, making investment in another country riskier and more complex for multinationals, the positive effect of trade restrictions in the host country is typical for the horizontal and knowledge-capital model of multinationals. 
The results are inconclusive with respect to the second interactive term in the regression, the interaction between the trade costs in the host country and the skill difference between the countries. When using the core model specification, the sign of the term is positive, while the initially expected sign is negative. When introducing dummy variables, the sign of the term shifts, which implies a possible interaction between the term and some of the effects captured by the dummies.

As far as trade restrictions in the parent country are concerned, generally the results are as expected. Both the vertical and the knowledge-capital model predict a negative relationship between the trade restrictions at home and the amount of multinational activity. However, some of the results from our regressions are not statistically significant. 

Adding the control variable for distance in the model does not change the signs and magnitudes of the other explanatory variables. The term distance displays the expected negative relationship with multinational activity. This can be attributed to possible higher information costs which inflate the costs of investment in the host country. When adding the additional control dummy variables, distance maintains its negative coefficient. All the other explanatory variables display the expected signs and therefore give robust support for the knowledge-capital model. A notable exception is the interaction term capturing combined effects of trade restrictions in the parent country and skill endowment differences between the countries, which is not significant. This is not unexpected since this interaction is not theoretically sound.
In conclusion, we can state that the knowledge-capital model is empirically sounder than either the vertical or the horizontal models individually. It is closer to explaining the multinational activity in practice. Despite that, the knowledge-capital model has its theoretical weaknesses on its own. In that respect, further efforts are recommended, mostly in the study of interactions of different country characteristics and their impact on multinational activity. 
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Appendices

Appendix 1
Countries included in the panel data
Parent countries of outward FDI
Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, South Korea, Spain, Sweden, Switzerland, United Kingdom, United States

Host countries of outward FDI
Australia, Austria, Belgium, Brazil, Bulgaria, Canada, Chile, China, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Greece, Hong Kong, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Pakistan, Poland, Portugal, Romania, Russia, Singapore, Slovakia, South Africa, South Korea, Spain, Sweden, Switzerland, Turkey, United Kingdom, United States

Appendix 2
Variables description 
	Variable
	Description
	Source

	Inward FDI stock
	The value of the capital and reserves which the host country reports to hold from enterprises in the parent country.
	 OECD International Direct Investment database


	Outward FDI stock
	The value of the capital and reserves which a parent enterprise reports to hold in the host country.
	 OECD International Direct Investment database 


	GDPSUM
	The combined real GDP in 2000 US dollars of both the parent and the host country.
	UNCTAD database

	SQGDPD
	The squared difference between the parent country real GDP and the host country real GDP in 2000 US dollars.
	UNCTAD database

	Skill
	1) Gross enrolment rate at secondary school for the total population aged above 15 years;
2) Average years of schooling for the total population aged over 25 years.
	World Bank Educational Database, Barro and Lee’s International Data on Educational Attainment

	GDPDSKD
	Interaction between GDP difference of the parent and the host, and skill difference between the parent and the host.
	UNCTAD database, World Bank Educational Database, Barro and Lee’s International Data on Educational Attainment


	Variable
	Description
	Source

	SKD

	Skill difference between the parent and the host countries:

1) The difference between the gross enrolment rate at secondary school for the parent and the host;
2) The difference between the average years of schooling for the parent and the host.
	World Bank Educational Database, Barro and Lee’s International Data on Educational Attainment

	TRP
	Trade restrictions in the parent country, TRP=100-trade openness index, where trade openness is measured as Import+Export / 2 GDP.
	IMD Competitiveness Online, World Report on Investment and Trade Restrictions, World Trade Organization Statistic database

	TRH
	Trade restrictions in the host country, TRH=100-trade openness index, where trade openness is measured as Import+Export / 2 GDP.
	IMD Competitiveness Online, World Report on Investment and Trade Restrictions, World Trade Organization Statistic database

	IRH
	Investment restrictions in the host country, IRH=100-investment risk.
	IMD Competitiveness Online, World Report on Investment and Trade Restrictions

	Distance
	Land distance between the capitals of the parent and the host country.
	Google Maps Distance Calculator

	TRHSKDSQ
	Interaction between the trade restrictions in the host country and the countries’ squared skilled difference
	IMD Competitiveness Online, World Bank Educational Database


	Dummy variables
	Description

	DUMCB
	It takes the value of 0 if the country-pair has no common border and the value of 1 if the country-pair does have a common border.

	DUMCL
	It takes the value of 0 if the countries in the country-pair do not speak a common language and the value of 1 if they do speak a common language.

	DUMEURO
	It takes the value of 0 for all the years before 1999 and the respective introduction of the euro, and if the country-pair is not in the Euro zone after 1999, and the value of 1 if the country-pair is in the Euro zone thereafter.


Appendix 3

Descriptive statistics
	
	Inward FDI stock
	Outward FDI stock
	GDPSUM
	SQGDPD
	TRP
	TRH
	IRH
	Distance

	Mean
	6638.47
	6652.27
	1343989
	16.71
	57.87
	57.59
	25.34
	5806.75

	Median
	358.90
	287.06
	557810.2
	14.13
	64.65
	66.11
	16.56
	4409

	Maximum
	550453.2
	323796
	15648812
	43.23
	89.65
	94.56
	74.22
	18226

	Minimum
	-4547.98
	-3394.01
	0.0000000
	0.01
	-60.82
	-131.1
	0.30
	55

	Std deviation
	2714.18
	1752.97
	209978
	6.12
	25.43
	21.73
	9.12
	2428


� UNCTAD FDI database 2003


� The GDP deflator used is provided by the US Aeronautics and Space Administration Online.


� Brazil in certain years.


� Singapore and Hong Kong in certain years


� Data on distances is provided by the Google Maps Distance Calculator.


� All data used in this study is analyzed and tested by using Eviews 5.0, econometric and forecasting software developed by Quantitative Micro Software.
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