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Abstract

In this paper I study the effects of the institutional quality in combination with other factors on the choice of the firms between the horizontal multinational and domestic production regimes. I use the general equilibrium approach and perform a numerical simulation of the model. In the paper I find that given the lower institutional quality in the other country the firms would always prefer the one-plant domestic production to the multi-plant multinational production. The empirical results seem to support the theoretical findings of this paper.
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Chapter 1. Introduction.

The rise of the multinational activity has raised many questions. Among them is why firms choose to allocate the production in only one country or to become a multinational enterprise (MNE) that produces its goods and services in more than one country. The recent studies also show the high importance for the international activity processes of such factors as property rights protection, business regulations, contract enforcement and the other related factors. All these factors can be jointly described as the institutional quality. Obviously, these differ among the countries. In this paper I study the effect of the institutional quality in the country and the choice of the firms between staying domestic or becoming a multinational enterprise.

I analyze the preferred firm regime by building two general equilibrium models and making a numerical simulation. In the model the world is assumed to have 2 countries with two production factors and the two final goods production. The first general equilibrium model describes the multinational firm regime; hereafter this model is named the “FDI” model or regime. The second general equilibrium model describes the domestic firm regime when the firms produce the goods only in one country; the production can be only exported to the second country; hereafter this mode is named the “TRADE” model or regime.

An innovation of this paper is combining the multinational enterprises theory with the theory of institutional imperfections. The general equilibrium models of this paper are the combination of the two models. In the first, by J. Emami Namini & E. Pennings, the general equilibrium model is used to find the relationship between the horizontal or vertical multinational firms’ activity and the capital flows. In the second, by A. Levchenko, the institutional imperfections are modeled using different theoretical approaches. 

In my general equilibrium model I integrate the institutions imperfections from the paper by Levchenko into the general equilibrium model by Emami Namini & Pennings for the horizontal multinational enterprises. In the next chapter I give a brief overview of these two and the other relevant papers.

The FDI and the TRADE models are compared using the numerical simulation, which is widely used in various studies by J. Markusen. This method allows overcoming the impossibility to make a conclusion about the preferred model by using only analytical approach. The numerical simulation can show the optimal regime given the identical or different parameters in the two models. To test the findings of the theoretical part I make a rough empirical model using the data on the US foreign direct investments and exports in the high technology sector “Computers and other electronic devices”.
This paper has the following structure. In the chapter 2 I provide a brief review of the relevant previous studies. In the chapter 3 I derive the general equilibrium conditions for the models. In chapter 4 the results of the numerical simulations are discussed and chapter 5 provides rough empirical tests of the findings of the previous chapters. Chapter 6 summarizes the whole paper.
Chapter 2. Literature overview

This chapter gives a brief overview of the studies that I used during writing this paper.
I start with the overview of the paper by A. Levchenko “Institutional Quality and International Trade”. The author gives the following description of the paper: “First, it studies the consequences of trade when institutional differences are the source of comparative advantage among countries. Institutional differences are modeled within the Grossman-Hart-Moore framework of contract incompleteness. It is shown, among other things, that the less developed country may not gain from trade, and that factor prices may actually diverge as a result of trade. Second, the paper provides empirical evidence of “institutional content of trade:” institutional differences are shown to be important determinant of trade flows”. The effects of the institutional quality on sources of trade, gain distribution and the effect on the factor prices are studied using the North-South paradigm, where the North stands for the developed countries and the South stands for the developing countries. The institutions are assumed to be better in the North. This is modeled in two approaches. 

The first is the Ricardian approach. The institutional quality differences are modeled as differences in productivity. The outcome of this approach is reallocation of the all institutional-sensitive production in the North. The worse institutions in the South thus lose the negative effect. The South is likely to have higher gains. The second is the Grossman-Hart-Moore View of Institutions. In this approach a fraction of investment becomes specific to the relationship. The results are reversed to the Ricardian approach, i.e. the North has higher gains. Levchenko also studies the effect of trade on the institutional quality and find that the international trade leads to the institutional quality improve, when the later are endogenously defined. Finally, Levchenko makes an empirical analysis that shows the higher relevance of the Grossman-Hart-Moore approach given the described definition of the institutions. 

There are some weak points in the both theoretical approaches in the paper by Levchenko. Among these are not very common production functions: two goods are produced linearly and the institutional-sensitive good M is produced by the Leontief technology. In my model I compensate this by using the Cobb-Douglas production function. The use of the function also allows combining both approaches discussed by Levchenko: the Ricardian and the Grossman-Hart-Moore approach, i.e. the institutional quality determines the productivity and makes a share of the production factors specific to the relationship. 

Among the other studies of the institutional quality effects are the studies by Hall and Jones (1999) and Acemoglu et al (2001). The authors show that the institutions are the main determinants of wealth and long-term growth. Djankov, McLiesh and Ramalho (2006) empirically prove the importance of the business regulations for the economic growth.

In their paper J. Emami Namini & E. Pennings (2009) study the “difference between horizontal and vertical multinationals in explaining the link between domestic and foreign capital expenditures”. The general equilibrium model is an extension of Markusen’s (2002) Knowledge-Capital model with the endogenous domestic and the foreign capital expenditures. In the analytical general equilibrium model they find a complementary relationship between foreign and domestic capital expenditures for the horizontal multinational activity and substitutional or complementary relationship for the vertical multinational activity. The authors also provide an empirical support to their findings. 

In the various papers J. Markusen or J. Markusen & K. Maskus use the method of numerical simulation in the general equilibrium model. The papers by J. Markusen also provide a detailed description of the method. The method allows having not only qualitative but also the quantitative results of a general equilibrium model analysis. It also allows expanding the basic trade model by, for example, adding extra goods, countries, introducing different market sizes etc. Using this method the author(s) study various problems, such as intra-industry trade and FDI, general equilibrium approach to the multinational firms, MNE and discrimination, trade liberalization etc.
In my paper I use a modified version of the general equilibrium model for horizontal enterprises described by J. Emami Namini and E. Pennings (2009). Into this model I integrate the institutions as described by A. Levchenko (2004). I also make a version of the model for the domestic firm regime with the “iceberg” transport costs as described by J. Markusen. After deriving the general equilibrium conditions for the models I perform a numerical simulation to find out which of the two general equilibrium models, FDI or TRADE model, is more attractive for the firms.

Chapter 3. Basic model
3.1. Overview

The General equilibrium model of this paper is the Knowledge-Capital model by Markusen (in version by J. Emami Namini and E. Pennings (2009)) extension that introduces institutional imperfections. The complete model consists of the two separate models. The first model describes the multinational (horizontal) regime of the active firms. The second describes the domestic only regime. Thereafter, the models are named ‘FDI’ (for the multinational firm regime) and ‘TRADE’ (for the domestic firm regime).

The model has two countries: a home country H and a foreign country F. 
The representative household in each country consumes a homogenous good Z and varieties of good X. In the multinational regime all sector X firms have production plants in both countries. In the domestic regime the firms produce only in one country. It is assumed that households aggregate the varieties of good X according to Dixit-Stiglitz preferences. The market for good X is characterized by large group monopolistic competition as the number of firms in sector X is assumed to be sufficiently large. Sector Z firms behavior is perfectly competitive. 

The home country H and the foreign country F are endowed with two factors of production: capital K and labor L. The factor K can be described as the broad meaning of the term “capital”: this can be physical, human or other forms of capital. The factors are mobile between the sectors and between the countries. Capital and labor are used for production. In the sector X firstly both factors are used to produce intermediate goods v1 and v2 that are assembled into unique varieties of differentiated final good X. The product Z is produced directly from capital and labor.
The model is static and the countries’ factors of production endowments are constant over time and are determined exogenously. The reason for exogenous determination of the endowments is adaptation of the models to the later numerical simulation. 

It is assumed that the intermediate good v1 relies on institutions. The institutions that are defined as the property rights and contract enforcement are the technological features for this sector. The institutions are introduced into the model as a decrease in productivity due to low institutions quality in a country. The difference between the institutions quality in country H and county F means technological difference in production of the good v1 in the two countries. The institutions also make a share of the production factors relation-specific (see Levchenko (2004)).
The two regimes of the firms’ activity imply the two different general equilibriums. First is the general equilibrium for the “FDI” model. Second is the general equilibrium for the “TRADE” model. The significant differences between the models lead to different equilibrium conditions. The later numerical simulation would allow indicating the conditions when one regime of the activity is more preferable for the firms than the other.

In the FDI firm regime, with only horizontal multinational firms allowed in the sector X, each firm has two production plans. One is located in country H and the other in country F. Both production plants produce both intermediate goods v1 and v2 and assemble a unique variety of the differentiated final good X. 

In the TRADE firm regime, with only domestic firms allowed, each firm has only one production plant. The plant is located in the same country with the headquarters of the firms. Similarly to the “FDI” model, the each plant produces both intermediate goods v1 and v2 and assemble the unique varieties of the final good X.

Several assumptions are necessary for the complete model to get straightforward results and to proceed with the numerical simulation. First, technology parameters for final good Z and intermediate good v2 are identical in the both countries. Second, in the “FDI” model the trade is assumed to be costless and in the “TRADE” model the transport costs are allowed. Third, it is assumed that either only multinational or only domestic firms are active, i.e. we have either only FDI regime, or only TRADE regime. Fourth, specific ranking of the factor intensities of all four goods are assumed; these rankings are in line with previous empirical studies. Fifth, we assume there is no price discrimination, i.e. price for the home consumers is equal to the export price.

The following subchapters separately describe the particles of the complete general equilibrium models. Subchapter 3.2 describes the production side for both countries; this part is similar for both FDI and TRADE model. Subchapter 3.3 describes the factors’ price equalization. Subchapter 3.4 describes FDI and TRADE models. Subchapter 3.5 defines the demand side of general equilibrium for both countries. Subchapter 3.5.1 defines the demand side for the FDI model and Subchapter 3.5.2 defines the demand side for the TRADE model. Subchapters3.6 and 3.7 define the two additional conditions to hold in the steady state: the free entry condition and trade balance equations. Subchapter 3.8 defines the general equilibrium and derives the factors market equilibrium conditions.
3.2 Production 

The homogenous good Z is produced according to the Cobb-Douglas production function: 

[image: image3.png]LPKYE
I= =




(1)

Dual to this production function per unit cost function is given by:
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Where ri and wi stand for rental rate of capital and price per unit labor in country i. As sector Z is perfectly competitive, firms sell at price pZ=cZ. Good Z represents the average outside good; its factors shares are assumed to be ‘average’. Thus β would be set equal to 0.6

Intermediate goods v1 and v2 are produced according to the following Cobb-Douglas production functions: 
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Good v1 is assumed to be capital intensive and good v2 is labor intensive. Good v1 is institutional quality sensitive. The parameter φi shows decrease in productivity due to lover institutional quality. The marginal costs functions that are dual to the production functions (3) and (4) are given by:
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The final differentiated good X is assembled from the intermediate goods in accordance with the following Cobb-Douglas function:
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(7) where 0.5≤γ≤1
The restrictions 0≤α1<0.5, 0.5<α2≤1 and 0.5≤γ<1 indicate that product X is produced more capital intensively comparing to good Z.

The marginal costs function that is dual to the equation (6) is given by:
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(8) where [image: image12.png]


 
3.3 Factor price equalization in steady state.

The free costless trade in good Z and the production factors mobility lead to equalization of factors’ prices ratios in country H and country F, i.e. [image: image14.png]
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. The costless trade in good Z between the countries leads to equal prices per unit good Z:
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Implying [image: image20.png]


 leads to rH=rF. The equal rental rate means equal wage rates in the both countries, i.e. wH=wF. Therefore the factor prices are written without a country index.

The marginal cost of good X can now be written as:
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3.4 Multinational versus domestic regime
3.4.1. Multinational firms, “FDI” model

A single (horizontal) multinational firm with headquarters in country [image: image25.png]


, has two production plants, one in the country H and one in the country F. Each production plant produces both intermediate goods v1 and v2 and assembles them into a variety of good X. Each variety is unique. The final production of each plant is sold domestically and is exported to the other country. A single firm produces two unique varieties of the final good X as it produces on the two production plants.

3.4.2. Domestic firms, “Trade” model

A single firm headquartered in country [image: image27.png]


, has one production plant that is allocated in the same country. Similarly to the multinational type of a firm, each production plant produces both intermediate goods v1 and v2 and assembles them to a unique variety of good X. The final production of the plant is sold domestically and exported to the other country. A single firm produces one unique variety of good X. Trade in varieties of good X is allowed to be costly.
3.5 Demand

The representative household’s utility in country i, i=H, F is given by:
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And
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 for TRADE model.
σ denotes elasticity of substitution between varieties of good X, NH stands for the number of firms headquartered in country H and NF stands for the number of firms headquartered in country F respectively. Xii stands for supply of a single production plant in country i to country i. Xji defines the supply of a single production plant in country j to country i. Zii and Zji stand for supply of the good Z from the country i and country j to country i respectively. 

τ stands for the iceberg transport costs “where some of the good “melts” in transit” as described by J. Markusen (2002).
3.5.1. FDI model

It is assumed that (NH+NF) is sufficiently large so that the market for good X can be characterized by large group monopolistic competition. Profit maximizing firms then supply their unique varieties of good X at price [image: image33.png]


. Despite the factors prices are identical, the institutional quality is country specific and cX does have a country index. 
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The price index that is dual to CES-aggregate X is given by:
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Substitution the expression for pX (equation 15) into the equation (16) we get:
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After the simplification we get:
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Aggregate factors income in country i is given by:
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The supply = demand conditions for the good X results in following expressions:
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Substituting equations (16) and (18) into (20) we get the following expressions:
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(22) where [image: image52.png]


; i≠j
The left-hand side of the equation (21) and (22) denotes supply of a single production plant from country i to country i or j. the right-hand side of the equations (21) and (22) denote the demand for a unique variety that is produced by plant in country i in country i or j.
The supply-demand condition for the good X is given by:
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3.5.2 TRADE model

Similarly to the FDI model, I assume that the number of active firms is sufficiently large so that the market for good X can be characterized by large group monopolistic competition. Similarly, profit maximizing firms then supply their unique varieties of good X at price  [image: image57.png]


. This indicates that equation (16) is also valid for the TRADE model cX does have a country index as explained above. 

 [image: image59.png]


 is the number of units of good X, which is produced on a single plant in country j, that is available to consumers in country i. The exporter receives revenue pXi*Xij. Therefore, the price per unit in the importing country is pXi*τ or pi*Xij=(pi* τ)*(Xij/τ).
The price index that is then given by:
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; i≠j
Substituting eq. (16) into eq. (24) and simplifying we get:
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 where [image: image65.png]


; i≠j
Equation (20) is also valid for the TRADE model with a modification to introduce the transport costs as described above: [image: image67.png]PeTOp M,



 (20T). Substituting (16) and (25) into (20) we obtain the expressions similar to equations (21) and (22), where the left-hand side denotes supply of a single production plant from country i to country i or j and the right-hand side denotes the demand for a unique variety that is produced by plant in country i in country i or j. the equations are:
[image: image68.png]o—1 1
w7 (14 97 (N (14 970 +8 (14 ¢, ) i)

X = Mo,




(26) 
where [image: image70.png]


; i≠j
[image: image71.png]o—-1 1

X;
—L = Mjx;r™0
T T T g g e (N4 94N (14 0 O )




(
[image: image72.png]o—1 1
ol (14 917 (N (1 + 970 +8 (14 6,) i)

- 1o
X, = Myt




(27) 
where [image: image74.png]


; i≠j
The supply-demand condition for the good X in TRADE model is also given by equation (23)
3.6. Free entry condition

The free entry condition into the sector X has to hold in the steady state. The free entry condition sets the total fixed costs of a single MNE to be equal to the total markup revenue of the firm.

3.6.1 FDI model

The free entry condition of a single firm is given by:
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Where the right-hand side denotes the total fixed costs of a single MNE and the left-hand side shows the total markup revenue of the firm. Note that the markup revenues are different for the countries H and F due to the difference in the institutional qualities between them. However, all the firms produce in both countries and the equation (28) holds.

(pXi-cXi) stands for profit per unit of product X produced in country i. XHH+XHF and XFF+XFH denote the total sales of the firm’s plants in country H and country F respectively. The fixed capital inputs of the firm are given by the expression[image: image77.png]Fugs+pp + Fop



. Where FHQS+PP stands for the total fixed capital inputs in the country of firm’s headquarters, i.e. the headquarters services and production plant maintenance costs; and FPP stands for the fixed capital input in the host country, i.e. the production plant in the host country maintenance costs only. 

Substituting the expressions for XHH, XHF, XFF, XFH (equations (21) and (22)) into equation (28) and considering equation (16) leads to the following simplification of the free entry condition:
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3.6.2. TRADE model

In the TRADE model when the firms are producing only in one country, the free entry equations would be given by:
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(30) 
for country H firms; and:
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(31) for country F firms.
The left-hand side of the equations (30) and (31) denotes the total fixed costs of a firm in its home country. The right-hand side of the equations denotes the total markup profits of a firm.
Note that when institutional quality in country H and country F is different, the left-hand side of the equations (30) and (31) will be only approximately equal to the right-hand side of the corresponding equation. The mark-up revenues would be different for the firms from country H and country F: [image: image82.png](Pxy — Cxy )X + Xp) # (Px, — €xp )(Ker + Xpi)



. 

Due to the comparative advantage the firms in the country with the higher institutions quality would receive additional profits, while the firms in the other country would experience losses. The non-restricted trade in good Z and the production factors mobility compensate the misbalanced sector X trade and the general equilibrium is feasible. The later numerical simulation shows that the left-hand side of the equations (30) and (31) approximately equals the right hand side for the reasonable values of φ difference between the countries. 

Substitution of the expressions for XHH, XHF, XFF, XFH (equations (26) and (27)) into equations (30) and (31) leads to the following expressions that are similar to the equation (29):
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3.7 Trade balance equation

In the both regimes the countries only trade the good Z and the varieties of good X. The varieties of good X due to the Dixit-Stiglitz preferences are traded even between completely identical countries or at different prices. 

The trade between the country H and the country F should be balanced. The trade is balanced when the value of exports equals the value of imports. This is shown in the following expressions, for FDI and TRADE model correspondingly: 
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The left-hand and right hand sides of the equation (34) indicate the value of country H and F exports respectively (or country F and country H imports). (NH+NF)*Xij, [image: image90.png]


; denote the amount of good X exported from country i to country j (every firm produces a single variety of X on its production plant in each country). pXi stands for the marginal revenue, thus Xii*pXi stands for the total revenue earned by a single production plant of a firm. Taking into account the fact that the country H exports is equal to the country F imports, the variable ZFH can be set equal to zero with ZHF allowed to be negative.

Note that equation (34) also holds for the TRADE model. A company’s revenues are equal to Xij*pXi. The transport costs are paid by consumer in the importing country. 

Substituting the expressions for XHF, XFH, pX, pZ into the equation (34) and simplifying we get the following expressions for the trade balance equation:
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for the FDI model and
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For the TRADE model

3.8 General Equilibrium
The general steady state equilibrium for the both FDI and TRADE models paper is characterized by a system of equations:

· Supply = demand conditions for good Z (eq.23) and each variety of good X (eq. (21), (22) and eq. (26) and (27)) 

· Trade balance equation (eq. (35) or (36))

· Free entry condition for sector X (eq. (29) for FDI model and eq. (32) and (33) for TRADE model)

· Factors markets equilibrium conditions for the country H and the country F

Conditions 1-3 have been derived above and the condition 4 is still to be derived. For the simplification purposes for the condition 4, the conditions 1-3 can be substituted into the factors market equilibrium conditions for both countries. The general steady state equilibrium for the complete two-country model would thus be represented by a system of four non-linear equations.

The system of the equations will be solved numerically in the following chapter.

Since multinational and domestic only firm regimes have different production patterns, the factor market equilibrium conditions differ between the two regimes. Thus, the general steady state equilibrium conditions are derived separately for both firm regimes.

The firms in both regimes produce both intermediate goods v1 and v2 in each production plant. Per unit costs of good X are given by the equation (11).

The factors inputs coefficients for capital and labor into final good X can be derived applying the Shephard’s Lemma. The factor input coefficients for capital and labor into good X in the country i, i=H, F are respectively given by:
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Note: the term φ here indicates the relation specific share of the factors as described above.

The similar factor input coefficients for product Z are given by:
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The factors input coefficients are used for deriving the factors market equilibrium conditions for the country H and country F. It should be noted once more that good X is differentiated and each active firms supplies unique varieties from each production plant to the both countries. The capital demand for the producing the fixed costs is given by: Ni*FHQS+PP and Nj*FPP, [image: image98.png]


 for the FDI model and Ni*FHQS+PP, i=H,F for the TRADE model.
3.8.1 Factors markets equilibrium

FDI model

Equilibrium on capital market in country H is given by:
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Equilibrium on labor market in country H is given by:
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Equilibrium on capital market in country F is given by:
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Equilibrium on labor market in country F is given by:
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The terms KFH and LFH stand for respectively capital and labor flows from country F to country H. The terms are allowed to be negative for the other direction of factors flows. The foreign revenues of the factors return to their ‘home’ country.

Substituting the expressions for XHH, XHF, XFF and XFH (eq. (21) and (22)) and also considering the trade balance equation (eq. (35)) and the free entry condition (eq. (29)) leads to the following simplified factor market equilibrium conditions:
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TRADE model

Equilibrium on capital market in country H is given by:
[image: image111.png]Ky = Ky(Ng) Xy + Xye) + (Zyy + Zye) Kz + NyFagsspp — Keg




(
[image: image112.png]£
Ko = =01+ 6 (5) (0 G + 5u) + G+ Zu) 1= 9 (2

+ NyFygsspp — Ken




(45)
Equilibrium on labor market in country H is given by:

[image: image113.png]Ly=Ly(Ny) (X + Xpe) + Lz (Zygy + Zye) — Ly




(
[image: image114.png]1~ =3
=20+ 007 (0) 7 )+ %) 48 (D)™ Ca + 2~ L1




(46)
Equilibrium on capital market in country F is given by:
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Equilibrium on labor market in country F is given by:
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Substituting the expressions for XHH, XHF, XFF and XFH (eq. (26) and (27)) and also considering the trade balance equation (eq. (36)) and the free entry condition (eq. (32) and (33)) leads to the following simplified factor market equilibrium conditions:
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Summarizing the above, the two general equilibrium models can be described by two systems of four non-linear equations. The equations are the conditions for the factors market equilibrium that are simplified by substituting the previously derived equilibrium conditions equations. In the following chapter the systems of equations for each model are solved numerically for the various values of the equations parameters. The performance of each model can be illustrated by providing several simulation results for the different parameters values.
Chapter 4. Numerical simulations
Both FDI and TRADE models in most cases can be solved analytically to find the changes in utility levels, changes in goods production etc given the changes in the model parameters. It is also possible to compare analytically utility levels in the both models, given all other parameters are identical. For example, in the benchmark (φ H,F=0, τ=1) with identical parameters and total fixed costs, the utility in the country H and the country F would always be higher in the FDI model than in the trade model as more varieties of good X are produced and consumed. However, it is impossible to make a complete comparative analysis of the models in different situations without making a numerical simulation of the two models for the different values of the parameters. The method is widely used in the studies by J. Markusen. 

In the simulation I use the values of the parameters that are the similar to used by Markusen (2001). The value of σ would be set to 5; good Z represents an average product, so the parameter β would be set equal to 0.6 which corresponds with the empirical data
. As the final differentiated good X is more capital intensive than the good X, α1=0.3,α2=0.7, γ=0.6, κ=0,5. Initially the total factors endowments would be set to LH=100, KH=100, LF=100, KF=100. The fixed costs for the FDI are: FHQS+PP=5, FPP=3. The fixed costs for the trade model (FTR) would be set to 5 or 8 as explained below.
The following subchapter illustrates how the both models performance given totally identical parameters’ values. For these illustrations the total costs in the TRADE model are equal to the total costs in the FDI model. The purpose for this is to compare the models given identical parameters. The lower fixed costs would be used in the TRADE model in the later simulation as in the model the firms do not have to face the fixed costs of the foreign production plant and the total number of firms would hence be higher than in the FDI model.

4.1 Performance of FDI and TRADE models 
This subchapter provides some examples of the model performance in numerical simulation given the changing parameters. On example of several diagrams we can observe the numerical results of step-by-step simulations with a changing parameter for both FDI and TRADE models. For the comparative purpose, the parameters in the both models have identical values. So, I assume that the total fixed costs in FDI model (with the two productions plants owned by as single firm) are equal to the total fixed costs in the TRADE model (where each firm produces only on one production plant). The total fixed costs in the both models is the parameter that restricts the maximal number of active firms in sector X given all other parameters are identical. This situation is regarded as benchmark.
Figure 1 shows the relationship between the total fixed costs and the number of active firms, as well as the amount of good X production by each production plant for each country.
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Figure 1. The total fixed costs, the number of active firms in sector X and production of each variety of good X. The solid lines show the number of the active firms in country H and country F (NH, NF). The number is equal in the both countries for the both models. The dotted lines show the production of each variety of good X for home and foreign consumption (XHH, XHF, XFH and XFF).
Figure 1 shows that in the benchmark the total number of the active firms in the both models and in both countries is identical. The firms have no preferences between the regimes. From the figure 1 we see that with the increase in total fixed costs the number of the active firms decreases. This reflects that with the increase in total fixed costs for the firms in the sector X the countries have no resources to support more firms. From the figure 1 we also see that the countries in each model are symmetrical. The production of each variety of good X by each production plant is similar in each firm regime. In the benchmark there are no trade restrictions or productivity losses due to low institutional quality and each production plant produces equal amounts of each quantity for both countries. For the multinational firm regime the amount of each variety of good X production is lower than in the national regime. The reason is that in the FDI model each firm produces two varieties of good X on its two production plants. The number of varieties compensates the amounts produced and consumed. With the increase of the total fixed costs the amounts of production of each variety of good X in the both models increase, as it is seen from the picture. The lower number of firms and varieties is partially compensated by the increase in production.

Figure 2 illustrates the utility change in the country H and the country F with an increase in total fixed costs. From the figure we see that utility level in both countries in each regime is identical. This is a result of identical production patterns in the symmetrical countries. The utility level under the FDI model is always higher due to love of variety consumers’ preferences and larger number of good X varieties in the multinational firm regime.
Figure 3 illustrates the effect of increasing transport costs on firm’s allocation and production of varieties of good X. 
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Figure 2. The total fixed costs and utility level. Utility level is identical in the both countries in each regime. The utility level in the FDI model is higher doe o larger number of good X varieties.
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Figure 3. Transport costs, number of active firms and production of varieties of good X; TRADE model only. The number of active firms (NH, NF) in each country is shown by the solid lines. The dotted lines show the amount of good X varieties produced for domestic (XHH, XFF) and foreign (XHF, XFH) consumption in each country.
From the figure 3 we see that with the increase in transport costs with all other parameters equal the total number of the firms stays unaffected. In this situation the transport cost affects the consumption of each variety of good X in each country. The home consumption and production of each good X variety increases and the amount produced and available for the foreign consumption decreases. This would obviously affect negatively the utility level in the both countries as less of the good X varieties produced abroad is available for the home consumers.

However, the situation is different when we have trade in good Z and/or factors trade between the countries (due to different factors endowments or technological differences). Figure 4 illustrates such situation. Here the country H is 20% larger than country F.
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Figure 4. Transport costs and active firms; country H is 20% larger. The solid lines stand for the number of firms when capital is mobile; the dotted lines stand for the number of firms when capital is immobile.
From the figure 4 we see that the effect of the increasing transport cost is different in the situations with the restricted and non-restricted capital mobility. In the case with restricted capital flows we see that the number of the active firms stays approximately constant with the increase in transport costs. The proportion between the numbers of the firms in the both countries is close to the proportion in countries sizes. In the situation with free capital mobility the difference in the countries’ sizes leads to specialization in good X production in country H. The specialization causes intensive capital flows due to higher returns on capital in country H. In its turn, this leads to production of good X only in country H. This process leads to the allocation of all capital intensive good X production only in country H. Country F produces only labor-intensive good Z. Despite love-of-variety consumers’ preferences in the both countries, the effect of the transport cost on production reallocation is stronger. With the lower elasticity of substitution between the varieties of good X (parameter σ), i.e. the higher utility from the larger number of varieties, the effect is expected to be weaker. The case with the mobile capital illustrates the long-run equilibrium. The case with the immobile capital illustrates only the short run equilibrium that is not stable in the longer run.
The figures 5-7 show the performance of the model with decrease of institutional quality in the country F that is indicated by increase in parameter φF. The institutional quality in country H does not change, φH=0. The figure 5 shows the allocation of the firms. The increase in the parameter φF leads to more active firms in the country F. On the other hand, the production of each variety of the good X increases greatly in the country H, while in the country F it decreases. The total amount of good X production is higher in the country H. This indicates that the country with the better institutions becomes specialized in the product that is institutional quality sensitive. This equilibrium is unstable in the long run: more firms would enter the market in the country H and some firms would exit the market in the country F. The equilibrium is stable only in the short run. The observed effect is stronger for the TRADE model, which allows higher production specialization of the countries. 
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Figure 5. Change in institutional quality in country F and number of active firms. The lines show the number of the active firms in the both countries (NH, NF)
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Figure 6. Institutional quality in country F and production of varieties of good X. The lines show the amount of production of each variety by each production plant in country H (XHH, XHF) and in the country F (XFF, XFH)
The utility change pattern in the both models is similar for the both countries as shown in the figure 7. With increase of φF utility levels decreases in the both countries. For all φF values the utility levels in the two countries are identical. The effect seems to be stronger for the TRADE model.
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Figure 7. Institutional quality in country F and utility.
Figures 5 and 6 show that with the increase of the parameter φ in the country F more firms in the country H prefer the multinational regime. However, the TRADE model leads to much higher total productions of the good X in the country H. This means that the TRADE model produces higher revenues for the active firms in the short run equilibrium. We can refer to the free entry conditions (equations (29), (32) and (33)) in the previous chapter. In the short run equilibrium the firms in country H gain additional revenues because of comparative advantage of country H in producing intermediate good v1 and final good X. In the FDI model these revenues are compensated by the additional losses on the production plant in the country F. In the TRADE model the additional profits of the firms in country H are not compensated. Thus, in the short run equilibrium the firms in the country H would always prefer the TRADE regime due to the additional profits. The country F firms would prefer the FDI model due to no total losses possible in the model. In the long run equilibrium the situation is expected to change as explained above.
The other factor that affects the distribution and the total number of active firms is the country size (the total factors income in the model). The larger is the country’s size the more firms can exist in the country. Given the identical factors prices in the both countries, we can make a simulation of the effect of the countries size ratio on the distribution of the firms. The free factors mobility may create differences in the relative factors endowments. A larger country becomes specialized in the good X and becomes relatively capital abundant. The second country becomes more labor-abundant and specializes in good Z.

Figure 8 illustrates the effect of the countries size ratio on the firm allocation. Note: fixed costs for the TRADE model in this picture are equal to the fixed costs in the FDI model for the home country only. A country size is a factor that affects consumption and number of the firms in the country. In the TRADE model the number of firms in countries H and increases linearly. For the country F the increase is negligible. For the FDI model the picture is different: at first the number of firms in the country H increases with decrease in number of firms in the country F. After MH/MF ratio reaches the value of 1.4 all the firms in sector X are headquartered in the country H. Country F becomes specialized in production of good Z and country H becomes specialized in good X production.
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Figure 8. Countries size ratio and the number of active firms in each country (NH, NF).  Note: the total fixed costs for the TRADE regime are set to 5; the total fixed costs for FDI regime are set to 8.
Summarizing the above, the parameters have different effects on the model performance. The increase in total fixed costs reduces the total number of active firms. The increase in transport costs increases the good home supply and reduces exports. The institutional quality decrease in the country F leads to specialization of country H in its production, despite the larger number of the active firms in the country F in the short run equilibrium. 

The combination of the parameters may have effect that is different to the individual effect of the parameters. In the next subchapter I study the effect of combination of the countries size effect with the effect of the other factors.

4.2 Numerical Simulations Results
In this subchapter I discuss the results of the simulation that indicate which firm regime, multinational or domestic only is preferable by the firms given the combination of fixed costs, transport costs and institutional effect with the size of the countries. In the previous chapter we have seen that the effect of the factors is different. While increasing countries size ratio results in more firms in the richer country, the other factors may strengthen or weaken this effect. Note: it is assumed that only the country H can have larger factors abundance and thus be richer.

To identify which firm regime is preferable for the sector X firms in the country H we can assume that if in the general equilibrium the number of the firms in the country H in either of the models is higher than in the other then this firm regime is more attractive for the firms from this country.

To make the necessary conclusions the simulation outcomes are converted into the box-type diagrams that show under which model the number of the firms is higher. The diagrams are the modification of three-dimensional diagrams that show the ratio of multinational firms to domestic regime (NHFDI/NHTR) firms under a certain combination of the parameters. The three-dimensional versions of all diagrams are also provided to illustrate the figures’ surface shape. When the NHFDI/NHTR ratio value is above 1, firms choose multinational regime. Otherwise they choose the TRADE regime. The multinational activity of a firm can be only horizontal as stated above.

First, the effect of the fixed costs for the trade regime firms (FTR) is studied. The higher is FTR the more multinational firms are expected to be active in the market. 
The model parameters values are similar to the ones from the previous chapter unless stated different. The total fixed costs of the FDI model firms is set 8, FHQS+PP=5, FPP=3. The total fixed costs from the trade model (FTR) may vary. The ratio between countries H and F size changes from 1 to 3. The first two simulations compare the changes in the TRADE model to the steady state FDI model.

I start with the analysis of the effect of the fixed costs size in the TRADE model. The higher is the parameter value, the more multinational firms are expected to be dominant. Figure 9a illustrates the distribution of firms that prefer either of the firms’ regimes. Figure 9b is a three-dimensional variant of the figure 9a.
In the figure 9a and 9b and the later figures the darker area stands for the combinations when the TRADE model is preferable for the firms. The lighter area stands for the combination of the factors that makes the multinational regime preferable for the firms.

From the picture 9a we see that for the fixed costs for the TRADE firms that are relatively low, the domestic regime firms dominate for the all values of the income ratio. This keeps for all the values of FTR below 5.2. When the FTR exceeds this value we observe the appearance of the multinational firms. The multinational firms start to dominate for the income ratio value between 1.6 and 2. When FTR reaches the value of 6, the multinational firms dominate for the values of countries size ratio above 1.35. With the further increase in FTR more firms prefer being multinationals. When the total fixed costs for the TRADE model firms is equal or higher than the total fixed costs for the FDI model firms, the multinational firms dominate.
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Figure 9a. Country size ratio, fixed costs for the domestic regime firms and the preferred regime. The lighter area indicates the combinations of the fixed costs and the countries size ratio when the multinational firm regime dominates.
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Figure 9b. Countries size ratio, fixed costs for the domestic regime firms and the preferred regime. The lighter area indicates the combinations of the fixed costs and the countries size ratio when the multinational firm regime dominates
The figure 9b shows that with the increase in FTR the value of NHFDI/NFTR increases uniformly, the slope of the surface is constant. This means that a change in FTR in the later simulation shifts the surface of the figure up or down on the NHFDI/NHTR axis.

The conclusion from analyzing figures 9a and 9b is that the increase of the fixed costs of the firms in the domestic regime makes the multinational regime more attractive for the active firms in the sector X. The only condition for the domestic regime firms to always dominate on the market is to keep the total fixed costs not above the fixed costs of a multinational company in its home country. 

Previously we have seen that ceteris paribus, the multinational firm regime is always more preferable for the firms. To compensate this effect in the further analysis the value of the FTR would be set equal to the fixed costs of the multinational firms in the country of headquarters, i.e. FTR=FHQS+PP=5. This means that the total fixed cost of the TRADE and FDI models firms are equal in the country of headquarters of the firm. 

In the next step I analyze the effect of the iceberg transport costs (τ). The higher is τ value the higher the attractiveness of the multinational firm regime is expected. The trade becomes too costly. In the previous chapter we have seen that the effect of the transport costs can be different in situations with the mobile and immobile capital. 

First, I consider the mobile capital. The figure 4 above shows that given the non-restricted capital mobility, the trade caused by the different countries sizes resulted in a very massive flows of capital from the country F to the country H. As a result, all the varieties of the final good X were produced only in the country H. The number of the sector X firms increased several times. The figures 10a and 10b illustrate the effect of the effect of the transport costs and the countries’ size ratio given the free capital mobility. Note: due to the discussed effect, FTR is set equal to total fixed cost of a multinational firm.
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Figure 10a. Countries size ratio, transport costs in the TRADE model and dominant firm regime; mobile capital. The lighter area indicates the combinations of the transport costs and the countries size ratio when the multinational firm regime dominates
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Figure 10b. Countries size ratio, transport costs in the TRADE model and dominant firm regime; mobile capital. The lighter area indicates the combinations of the transport costs and the countries size ratio when the multinational firm regime dominates
Similarly to the figures 9a and 9b, the lighter area indicates the dominance of the multinational firms.

The figures show that the domestic firm regime dominates for the most combinations of τ and MH/MF ratio. The reason is, as discussed in the previous chapter, in significant production factors outflows from the country F. The picture illustrates the long run equilibrium as discussed above. In the short run the equilibrium would differ.
Now I assume that capital is immobile. The labor stays mobile to allow the model to reach the equilibrium state. The figures 11a and 11b show the effect of the transport costs and the income ration on the distribution of the preferred firm regime. 

The figures show that with the increase of the transport costs and the countries’ size ratio, the multinational firm activity starts to dominate. The further increase of the transport costs and the size ratio may lead to the domination of the TRADE firm regime as it is seen from the pictures. The reason is in specialization of country H in production of the good X with the increase of the country size. A higher value of FTR would shift the surface of the figure up on the NHFDI/NHTR axis. This is illustrated on the figures 11c and 11d. The picture 11c illustrates the situation with FTR=8, i.e. equal to the total fixed costs of the multinational firms. The firms are multinational given all the combinations of the transport costs and the size ratio. The figure 11d provides an illustration for the situation with FTR value between its value in the figures 11b and 11c. Both firms’ regimes are present in the figure.

Summarizing the above, the effect of the increase in transport costs in combination with the increase of relative size of the country H has a two-way effect. At first, the multinational firms’ regime becomes more attractive for the firms in the sector X. Then the domestic regime may become dominant again due to higher countries’ production specialization possible in the TRADE regime. Despite the pro-multinational effect of the increased transport costs, the specialization benefits may overcome the negative effect of high transport costs and the firms may switch back to the trade regime.
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Figure 11a. Countries size ratio, transport costs in the TRADE model and dominant firm regime; immobile capital. The lighter area indicates the combinations of the transport costs and the countries size ratio when the multinational firm regime dominates
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Figure 11bCountries size ratio, transport costs in the TRADE model and dominant firm regime; immobile capital; FTR=5. The lighter area indicates the combinations of the transport costs and the countries size ratio when the multinational firm regime dominates
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Figure 11c. Countries size ratio, transport costs in the TRADE model and dominant firm regime; mobile capital; FTR=8. The lighter area indicates the combinations of the transport costs and the countries size ratio when the multinational firm regime dominates
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Figure 11d. Countries size ratio, transport costs in the TRADE model and dominant firm regime; mobile capital; 5<FTR<8. The darker area indicates the combinations of the transport costs and the countries size ratio when the multinational firm regime dominates.
Now I analyze the effect of the difference in institutional quality between the two countries. As in the previous chapter I assume that φH stays constant and is equal to zero and the φF increases. FTR is equal to FHQS+PPFDI. So, initially the TRADE regime dominates. The case is illustrated by the figures 12a and 12b.
The figures 12a and12b show that with increase in the countries size ratio and in φF more firms choose the multinational regime. However, this fact conflicts with the effect of the increase in φF discussed above. The firms prefer the domestic regime to the multinational firm regime because of the higher revenues.
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Figure 12a. Country size ratio, institutional quality in country F and the preferred regime. The lighter area indicates the combinations of the fixed costs and the countries size ratio when the multinational firm regime dominates
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Figure 12b. . Country size ratio, institutional quality in country F and the preferred regime. The lighter area indicates the combinations of the fixed costs and the countries size ratio when the multinational firm regime dominates
In the beginning of this chapter I assumed that the model with the more sectors’ X firms dominates. However, this assumption cannot be used in the situation when φH and φF are not equal. The parameter φ that captures the imperfections of the institutions introduces changes into the technology of the intermediate good v1 and the final good X production. The countries are not equal technologically. The country H has a comparative advantage in production of the good X when φH is lower than the φF. The firms from the country H prefer the TRADE regime in the short run equilibrium.
From the figure 6 and equation (31) we see that the country H sector X firms are receiving extra profits in the domestic regime when φH is lower than φF. In the multinational regime the extra profits for the firms are not possible as they are compensated by the decreasing revenues on the firm’s second production plant. For this reason given the difference in institutions quality all the firms headquartered in the country H always prefer domestic production regime to the horizontal multinational activity. The situation illustrated in the figures 12a and 12b is not possible when multinational activity is horizontal.
Summarizing the above, the domestic production firm regime is always preferable to the horizontal multinational activity given the difference in institutional quality between the countries. 

Chapter 5. Empirical model

To test the findings of the previous chapter I make an empirical model. The data for the analysis are taken from the World Development Indicators (WDI) database of the World Bank (WB) and from the US Bureau of Economic Analysis (BEA) website. 

In order to test the findings I analyze the effects for the capital intensive high-technology sector “Computers and electronic products”. The model is constructed using the data for the FDI outflows from the US and the exports value in the sector. The US is chosen as economically largest country. This is in line with the theoretical model with the country H larger than the country F. The model covers 5 years (2003-2007) and 37 other countries. Given the limitation of data availability and the parameters that might be omitted in the model, only rough empirical evidences can be obtained.
In chapter 4 I used an assumption that the firm regime with more firms in the country H given the equal parameters in the two models is dominant. In reality it is hard to classify the firms by either only domestic production activity or only horizontal multinational. Such classification does not include the vertical multinational and the mixed regimes. The data available has no divisions between the various regimes. To overcome these limitations I assume that the total multinational activity of the firms can roughly be expressed by the foreign direct investments outflows. Then the attractiveness of the multinational regime can be roughly expressed by the ratio between the FDI outflows and the exports. The increase of this ratio indicates the increase in the attractiveness of the multinational regime in the sector. Thus the ratio can be used as a dependant variable in the empirical model. 

In the previous chapter I have show the effect of the total fixed costs, transport costs and the institutional quality. The transport costs in the empirical model are measured as the natural logarithm of the distance between the countries. The institutional quality can be captured by the “Ease of Doing Business Index”. The index is a ranking that compares regulations and the protection of the property rights between the countries. So, the index perfectly measures the institutional quality as defined in this paper. The lower is the index; the higher is the institutional quality in a country. The index is a ranking of the countries and thus gives a higher weight to the countries with the lower index value. For this reason I use the natural logarithm values of the index in the empirical model. 

In the theoretical model I use the ratio of the size of the two countries. For the empirical model I define this parameter as a ratio of the GDP of the two countries. The GDP is measured in the current value US dollars, similarly to the FDI outflows and the exports.

The attractiveness of the multinational regime, which is measured by the FDI-export ratio (FT), is a function of the three variables: ratio of the GDP in the two counties (GDPR), the transport costs (TRANSP), which are measured as a logarithm of geographical distance, and the logarithm of the Ease of Doing Business Index (EDB):
FT=f[GDPR, TRANSP, EDB]
Considering the theoretical findings in the previous chapter I make expectations of the independent variables effect. The variable GDPR is expected to have a positive effect for the FDI model attractiveness, as it reflects the larger available resources in the country H. The variable EDB is expected to have a negative effect as it decreases the attractiveness of running a production plant in the other country. The expected effect of variable TRANSP positive, as an increase in transport costs decreases the attractiveness of the TRADE model and increases the attractiveness of the foreign production.

The gaps in the data do not allow using the panel analysis. This may decrease the accuracy of the estimations. However, the country effect is already captured by the EDB variable. To capture the time effect I introduce variable Y. It equals calendar year minus 2000. Thus it is equal 3 for the year 2003, 4 for the year 2004 etc.

The function is likely to have non-linear form. This results from the equation in the chapter 3. However, the simulations’ results in chapter 4 show that the relations can be approximated as linear. The empirical model can be written as following linear function:   FT = C(1) + C(2)*GDPR + C(3)*TRANSP + C(4)*EDB + C(5)*Y. The OLS method is used for the estimation. To estimate the regression I use computer software EViews6. The outcomes of the estimation are shown in the Annex 7.
The estimated equation is shown below; the brackets give the t-value for the coefficient. 

FT=
-2.8007
+0.0028*GDPR
+0.4174*TRANS
-0.2592*EDB

(-2,0594)
(1.9679)

(2.8345)

(-4.5282)


+0.0967*Y
(1.4272)








R2=0.1876

Coefficients C(1) and C(2) are significant at 5% level (5.08%for C(2)). Coefficients C(3) and C(4) are significant at 1% level. Coefficient C(5) is not significant at 10% level, but is jointly significant with the other coefficients. The R2 value for the regression is relatively low. In the previous chapters we have seen that most of the relationships are not linear but can be approximated as linear. Thus the low value of the R2 can be explained by the non-linearity of the relationships. Some not-included variables may also have been omitted and resulted in the low value of the R2.
The results of the rough empirical test do confirm the theoretical expectations. The coefficient C(1) that can also capture the effect of the fixed costs of the TRADE model firms as discussed above has a negative sign. This corresponds with the result of the analysis of the diagrams 1 and 9 (a, b) in the previous chapter. The coefficients C(2) also has the expected sign, which means that a difference in the countries’ size does have a positive effect on the foreign investments. The positive sign of the coefficient C(3) proves the negative effect of the transport cost for the trade and the positive effect for the FDI that are the substitutes in this case. The negative sign of the coefficient C(4) indicates the total negative effect of the low institutional quality in a foreign country on the FT variable. This means that with an increase in EDB (φF in the previous chapters) the TRADE regime becomes more attractive for the firms. 
The empirical findings seem to confirm the theoretical findings of the previous chapters that given the difference in the institutional quality between the two countries the “domestic production only” regime is always more attractive for the firms, which originate from a country with better institutions, than the horizontal multinational activity.

Conclusion
In this paper I study the effect of the institutional quality on the choice of the firms between the domestic one-plant production and the multinational two-plant production regimes. The institutions are defined as business regulations and property rights protection.
I used a general equilibrium approach with numerical simulations to find the preferred firms regime given a combination of the business environment factors, e.g. countries sizes, transport costs, institutional quality. In the first regime, named “FDI model”, the horizontal multinational firms produce the varieties of the differentiated good X on two production plants. Each plant is located in a different country and produces a unique variety of the good X. In the second regime, namely “TRADE model”, each domestic firms owns only one production plant in its home country. The numerical simulation method allowed comparing the two regimes given the equal and different environment factors values and their combination.
In the theoretical part of this paper I find that given the difference in institutional quality the firms from a country with better institutions prefer the domestic regime in short run general equilibrium. A rough empirical model seems to support the theoretical findings.
The study of this paper can be continued in several directions. First, not only horizontal but also vertical multinational firms’ behavior can be studied. Second, a single general equilibrium model with various firm types can be used. Third, for a higher accuracy of a numerical simulation of a model a more accurate model parameters values should be found empirically. And, finally, the institutional quality can be determined endogenously in a general equilibrium model
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ANNEXES
Note: equation numbers in bold indicate the corresponding equations in the main text.

Annex 1. Derivation of the marginal cost functions and per unit factors inputs

1. Production function
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2. Lagrangian function – minimization of the costs given the production level
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3. First order conditions and simplification
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4. Insertion into production function [image: image160.png]1= e



 and simplification:
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5. Total costs function:
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6. Marginal costs function
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Similarly:
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7. From these marginal costs functions we can derive per unit factors inputs:
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Annex 2. Simplification of the price index

2.1 FDI model:
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Substituting expression for pX:
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Simplification
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2.2. TRADE model
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Substituting expression for pX:
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Simplification:
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Annex 3. Derivation of per plant good X production

3.1. FDI model
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And similarly
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3.2. TRADE model
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And similarly:
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Annex 4. Simplification of the free entry conditions

4.1. FDI model
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Substituting the following expressions and simplifying:
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Rearranging, we get the following expression for the total fixed costs of a MNE:
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4.2. TRADE model
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Substituting and simplifying:
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We get:
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Annex 5.Simplification of the trade balance equations

5.1. FDI model:
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Rearranging for ZHF:
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Substituting the expressions:
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And simplifying:

[image: image269.png]XijPx
My -1 1 1 o

“WatNe) o wf,‘*(1+¢_)w((1+¢_)mw)+(1+¢l)“‘*'))u—1w
a7

R














(a5.1.3)

[image: image270.png]= Wa + N, - i) =
e )
1 1+9, I+ (1+9;
7 D (1 + )1
- D1+ g
(Vg + N 5

XijPx













(a5.1.4)

[image: image271.png]MyKy 1
XeuPse = T N A 67 DA + ) D + (L% 677














(a5.1.5)

[image: image272.png]MpKp 1
X = 0+ N ) A+ ) T DT G T+ (% 3)7)














(a.5.1.6)

And similarly:
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Simplifying:
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We get:
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5.2. TRADE model:

Similarly:
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We get:

[image: image287.png](NMpgrcp*™
= T
Zup = wh P ((1 + )7 (N,(1 :4,;1:(17,)’ : 1"(1 + ) ))
(Nu)Mpkcp

T T IW (9 TN (L F $) )















(36)

Annex 6. Derivation of simplified factors market equilibrium conditions:

6.1. FDI model:
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Simplification

All the equations have a part (NH+NF)(Xii+Xij), the expression for (Xii+Xij) has been derived above (eq. (a4.1.5)), so we can derive
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This expression allows us to derive the amount of capital and labor necessary for production of good X in each country. So, for country H the amount of labor for production of good X would be:
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And the amount of capital necessary for production good X would be:

[image: image295.png]S
KE = (1= + 97 () (s + Ne) s+ Xir)

— G- parar (L) i e o
A R S P I CE M CC R (S o) Ml
+ Mpks)






(a6.1.4)

[image: image296.png]o—-14-49) 1
T 7 At e T+ g T T (¥ ¢

K% )(nga + MyKg)





(a6.1.5)

However, we want to express the terms via the free entry condition
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Now  we can derive an expression for[image: image299.png](Myxy + Mpxg)
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Similarly we can derive the expressions for capital and labor input for production good X in country F:

[image: image307.png]r (Fgs+pp + Fop )Wy + N )
o= D T oD (A + ) D+ A + 3770

1=





(a6.1.13)

[image: image308.png](Frgs+pp + Fpp) Wy + N¢ )

K = (1= 00 = Digy

TD((1+ ¢)" 9 + (1 + ¢) ")





(a6.1.14)
Now we need to derive similar expressions for the good Z. We know that [image: image310.png]


. This expression indicates the total consumption of good Z in country i, i=H, F. We also know that good Z is traded only in one direction, i.e. ZHF is allowed to be negative. So, the total production of good Z in country H would be shown by the following equation:
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And the total production of good Z in country F would be denoted by equation:
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Similarly to the above, now we derive the amount of labor and capital necessary for production of good Z in each country. We start with country H. For production of good Z, the country requires:
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Substituting (28) in ZHF and simplifying, we get:
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And for country F we get:
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Similarly we derive expressions for capital input into production of good Z in both countries:
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And similarly for country F:
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Now we can write down full expressions for the factors markets equilibrium conditions:

The total labor input in country H would be equal:
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The total capital input in country H:
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Total labor input in country F:
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Total capital input in country F:
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6.2 TRADE model:
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Capital in H: production of X and Z and capital demand for producing fixed costs 
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Labor in country H: production of Z and X for home use and export
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Labor in country F: production of Z for home use and export
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Simplification.

The derivation is similar to the FDI model above:
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Annex 7. Empirical regression results:

	Dependent Variable: FT
	
	

	Method: Least Squares
	
	

	Date: 08/07/09   Time: 16:03
	
	

	Sample: 1 166
	
	
	

	Included observations: 166
	
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-2.800725
	1.360000
	-2.059358
	0.0411

	GDPR
	0.002754
	0.001399
	1.967941
	0.0508

	TRANSP
	0.417366
	0.147243
	2.834538
	0.0052

	EDB
	-0.259167
	0.057233
	-4.528242
	0.0000

	Y
	0.096713
	0.067764
	1.427202
	0.1555

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.187550
	    Mean dependent var
	0.709227

	Adjusted R-squared
	0.167365
	    S.D. dependent var
	0.933791

	S.E. of regression
	0.852073
	    Akaike info criterion
	2.547368

	Sum squared resid
	116.8905
	    Schwarz criterion
	2.641103

	Log likelihood
	-206.4316
	    Hannan-Quinn criter.
	2.585416

	F-statistic
	9.291533
	    Durbin-Watson stat
	1.789468

	Prob(F-statistic)
	0.000001
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