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1 Introduction

If free trade equalizes factor prices across countries and countries use the same constant-returns to scale technologies, and consumers have identical and homothetic preferences then each country will, on average, be a net exporter of the services of its physically abundant factors and a net importer of its physically scarce factors. This is also known as the Heckscher-Ohlin-Vanek (HOV) theorem. A multifactor, multicommodity, multi-country HOV model is used to test the predictions of the Heckscher-Ohlin-Samuelson (HOS) model. 

Unfortunately, empirical tests have shown weak support of the HOV theorem, see Maskus (1985) and Bowen, Leamer and Sveikauskas (1987). By weakening the assumptions like technological differences between countries like in Trefler (1993; 1995) or factor price equalization like Davis et al (1996) have advanced the empirical literature toward explaining the deviations from Heckscher-Ohlin trade. 

Another explanation of the weak performance of the HOV model could be scale economies. Research by Markusen and Svensson (1990) and Krugman (1995) demonstrate how external economies augment the explanation of the HOV theorem of trade, adding to comparative advantage rather than distorting it. 

In this view it is not comparative advantage
 that is the only possible explanation of international specialization and exchange, but also because there are inherent advantages in specialization arising from the existence of economies of scale. The approach of increasing returns which is used throughout this research is the Marshallian approach
. This means that external economies are on the industry level, therefore external to firms and country specific, which leads to specialization and international trade. This approach stays close to the assumptions of the HOV theorem. Only the assumption that all countries have access to the same constant-returns to scale technologies is weakened.  So besides the relative abundance in endowments of a country which determines comparative advantage, there is also the absolute abundance in endowments of a country that augments the comparative advantage. 
With the explanation of the weak performance of the HOV theorem that could be caused by  scale economies in mind, Smith (1999a) tests the hypothesis: geographical scale economies (GSEs) within countries explain the countries outputs and trade that are unexplained by differences in endowments between countries. 

Here GSEs are efficiencies that arise within a state as a result of the state’s absolute abundance of those endowments that confer comparative advantage in the industry. The state differences in absolute abundance of endowments enhance industry concentration and generate positive externalities that augment the comparative advantage predicted by the Heckscher-Ohlin model. GSEs are a variant of localization economies
 and are place and industry-specific (Smith, 1999a). 

Explaining this with the following simple example. When region A has an absolute abundance of the endowments that confer a comparative advantage in the semi-conductor industry, this industry will be concentrated in this region (as the Silicon Valley in California). This will generate external economies, and even more semi-conductors will be traded from region A to region B.
In the analysis of Smith there is strong evidence found that GSEs contribute to the outputs and exports that are unexplained by the HOV model. Does the hypothesis also hold when it is tested by using data from the European Member States? That is what will be examined in this research. So the research question that will be addressed is the following:
“Can Geographical Scale Economies within 13 European Union countries explain the country’s outputs and trade that are unexplained by country’s differences in endowments?”
Before answering this question the Heckscher-Ohlin theory will be shortly explained in chapter two. Together with the Heckscher-Ohlin-Vanek model which is used to test the theory empirically. Also the so-called case of missing trade introduced by Trefler will be addressed in this chapter.

The theoretical explanation of increasing-returns to scale augmenting trade caused by relative endowment differences will be addressed in chapter 3. The explanation is mainly based on Markusen and Svensson (1990) and Krugman (1995).

The method of research with the modification of the HOV model is addressed in chapter 4. The several empirical test that are carried out, like detecting GSEs, will be described. In chapter 5 the used data and their sources will be addressed. Also included, are the calculations that were necessary in order to use them in the empirical tests.

The findings and results of all empirical tests will be addressed in chapter 6. In chapter 7 the conclusions of this research can be found.
2 The Heckscher-Ohlin-Vanek model

In this chapter the Heckscher-Ohlin-Vanek (HOV) model will be explained. Before the HOV model is presented the Heckscher-Ohlin theory will be explained in the first section. The theory can be empirically tested by using the HOV model, which can be found in the second section. The final section contains a summary of the results taken from the research of Trefler (1995). The results of the test performed by Trefler show a phenomenon that is known as the case of missing trade. 
2.1 Heckscher-Ohlin-Samuelson Theorem
With the insights of Eli Heckscher and Bertil Ohlin it was Paul Samuelson that introduced the mathematical model for international trade. This model is nowadays known as the Heckscher-Ohlin-Samuelson (HOS) model (Feenstra, 2004). The theory is based on factor abundance which is the explanation of trade between countries. Moreover, the following assumptions are made: countries have access to the same constant-returns technologies; consumers have identical and homothetic tastes across countries; differing factor endowments; and free trade in goods and not in factors. The theory can be easily explained by a model consisting of two countries, two factors, and two goods. 
First, suppose the two countries are in autarky, and there are two industries with the following Cobb-Douglas production functions,
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Here 
[image: image4.wmf]m

K

 is the amount of capital used in industry 
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Now, suppose that the goods of industry 
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. Further, country 1 is in this example relatively labour abundant and country 2 relatively capital abundant: 
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. This relation causes that the wages in country 1 are lower than in country 2 and the rental rate for capital is higher in country 1 than in country 2. The domestic price of good 
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 in country 1 is therefore lower than the that of country 2 and the domestic price of good 
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 is higher in country 1 compared to country 2: 
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When we substitute the marginal cost functions into this last inequality we get the corresponding relationship between relative factor prices, 
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Now, suppose that there is free trade between the two countries. According to the theory country 1 will export good 
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 to country 2, and country 2 will export good 
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 to country 1. The free trade price of good 
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 will now be lower in country 1 than the autarky price and for country 2 the same holds for the free trade price of good 
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. Eventually, prices of the two goods will be equal, as prices of factors. This is also known as factor price equalization.

2.2 The model
To test the HOS theorem empirically, the 2x2x2 model is extended to a multiple countries, factors, and goods model. This model is also known as the Heckscher-Ohlin-Vanek (HOV) model and introduced by Vanek in 1968. 
There are now many countries, indexed by i= 1,…,C; many industries, indexed by j = 1,…,N; and many factors, indexed by k or l = 1,…, M. The factor inputs, such as labour, capital, and land needed for production are denoted in the (M x N) matrix A = 
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A = 
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Next, let 
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 denote the (N x 1) vector of outputs in each industry for country i, and let 
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The factor content of trade is defined as a (M x 1) vector
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This in terms of individual factors would indicate that the factor will be exported in case of a positive value and imported in case of a negative value.
Let’s now turn to the endowments of a country i which eventually have to be related to the factor content of trade. Assuming that there is full employment of all resources we can write that

[image: image37.wmf]i

i

V

AY

=

,










(4)
where 
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 are the endowments of country i. 
Next, when preferences are identical and homothetic across countries then we can write the consumption of country i as
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where 
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When trade is balanced we know that 
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 equals country i’s share of world GDP. Since world consumption must equal world production, we can write 
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And this expression leads to the following statement of the HOV theorem
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Of each country i’s net trade in the services of a factor is linked to the country’s excess supply of that factor. If country i’s endowment of factor k  relative to the world endowment exceeds country i’s share of world GDP (
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), then this country is abundant in that factor.
2.3 The case of missing trade
After a number of complete tests
 that all rejected the HOV hypothesis, it became more and more accepted that the model does not describe the trade in services entirely well. Therefore, some of the assumptions that were common to the HOV theorem were weakened. Like in Bowen et al (1987) where, after founding no support of the HOV theorem, they allowed for non-proportional consumption, technological differences and measurement errors. Even after weakening the HOV theorem there was no support found. Also Trefler (1993) allows for technological differences by modifying the HOV model. Besides that, he abandons the factor price equalization hypothesis by inserting data of wages and capital of the different countries. After these modifications the model performs very well and explains most of the factor content of trade and the cross-country variation of factor prices. Unsatisfactory is that these results are achieved by, for instance, assuming that the British labour productivity is one-third lower as U.S. labour productivity in the year 1983. 

The former research is extended in Trefler (1995). The first test presented in this paper is of special interest for the present research. This is the investigation of the failure of the HOV model by rewriting equation (7) of the previous section for each factor as follows, 
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Here 
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 is the deviation of the HOV theorem. Trefler plots 
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Figure 1. Plot of 
[image: image55.wmf](

)

w

i

i

i

i

V

s

V

F

-

-

=

e

 against 
[image: image56.wmf](

)

w

i

i

V

s

V

-


[image: image57.png]10

10

20

° F>0
g0 Vi-s¥, >0
L LR
>
7 <0
v, -5, <0 °
L o
Zero Trade
F=0

10





Source: Trefler (1995)
four demarcated areas, namely, where 
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. This holds only for half of the observations. Furthermore, if the HOV equation 
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 holds than all observations would lie on a horizontal line at zero. Also this is not the case. 

Most of the observations lie close to the line 
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. This means that in absolute values, the factor services trade is much smaller than its factor-endowments predict. Trefler calls this phenomenon “the case of missing trade”.
In order to explain this phenomenon, Trefler continues by trying several hypothesises. Firstly, he uses three approaches to allow for technological differences. The first one is close to the approach in Trefler (1993), only now the productivity measure is characterized by Hicks-neutral factor-augmenting. In the second approach the productivity measure can only differ between poor countries and rich countries. The third approach combines neutral and non-neutral technology differences.

The next addition, which may explain the phenomenon, is Armington demand. This states that consumers often display a bias towards domestically produced goods. In this case the HOV model is modified in order to distinguish the consumption of domestic produced goods and foreign produced goods from each other.

The model which performs best by explaining the missing trade is a combination of allowing for neutral-technological differences and Armington demand. The correct prediction of the signs rises from 0.71 under the HOV theorem, to 0.93 under the modified model. 
3 Increasing returns to scale
One of the assumptions of the HOV model, as pointed out above, is that countries are using the same constant-returns to scale technologies. If this assumption is weakened by the allowance of increasing-returns to scale technologies, would the HOV model perform better? 
Before this questioned can be answered empirically, this chapter addresses research that has proven that increasing-returns to scale augments trade which is explained by comparative advantage, rather than distorting it. After this a simplified model will be used to explain the value added of economies to scale.
3.1 Theory

Before starting with the underlying economic theory, it is good to begin with the question how increasing-returns of scale are achieved. A great part of economies of scale is caused by historical events such as, inventions made by a firm, which lead to specialized production of new goods and production technologies. This in turn attracts firms to localize close to this firm which can result in industry concentration. This allocation of endowments to a region generates efficiencies within an industry that reduces costs (Marshall, 1920). In this respect knowledge spillovers and cooperation between firms doing research and development are important for increasing-returns to arise. Policies carried out by institutions could also give rise to economies of scale. Good examples are, the development of Silicon Valley initiated by the Stanford University and the development of Route 128 initiated by the Massachusetts Institute of Technology. But also the policy of (local) governments can help attract and concentrate certain companies and workers to a location. While also keeping in mind that industries concentrate where there is a large market, a good transportation network and where the location is close to natural resources that are needed for the production of manufactures. (Krugman, 1991)
In the research by Markusen and Svensson (1990) it is proven that increasing-returns to scale and constant-returns to scale outputs are positively correlated. So besides relative endowment differences between countries that explains trade, there also is the existence of  increasing-returns to scale that can be an explanation of trade. This positive correlation is important, because it makes it plausible to investigate that increasing-returns to scale within countries can explain the countries outputs and trade that are unexplained by differences in endowments between countries. 

A simple way to show the prove of the positive correlation between increasing-returns to scale and constant-returns to scale outputs is by taken the following expression of the last chapter
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For convenience, 
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 denotes a (M x N) matrix of factor input requirements, 
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where 
[image: image70.wmf]B

 is a (N x M) matrix of the Rybczynski coefficients. Expression (2) is characterized by constant-returns to scale. 

The expression which includes increasing-returns to scale is formed by rewriting the Rybczynski matrix 
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where 
[image: image73.wmf]*

B

 denotes the (N x M) increasing-returns Rybczynski matrix of a country and 
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 is and (N x N) matrix giving the increasing-returns effects, which is zero when the industry is characterized by constant-returns. The (N x N) matrix 
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where 
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 denotes the own-industry scale effects and 
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 the cross-industry scale effects. This is defined as “weak scale economies” in Maskusen and Svensson (1990) where 
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where “’” denotes transpose.

3.2 Illustration
In case of increasing-returns of scale and trade, an illustration is used based on Markusen and Svensson (1990). Consider a model with two goods, M and F, two factors K and L, and two countries. The industry that produces M is subject to increasing-returns to scale and uses factor K intensively in the production process. The industry that produces F is subject to constant returns to scale and uses factor L intensively in the production process. 
Let’s assume that both countries have identical initial endowments given by point A in figure 2. In this situation there is no trade according to the Heckscher-Ohlin theorem. The ratio of the identical initial autarky endowments is given by (K/L)ª. In case both industries were subject to constant-returns to scale, a transfer of factors K and L between the two countries in the ratio (K/L)ª  would cause no trade. Thus, the line (K/L)ª  gives the no trade combinations in case of constant-returns to scale. 

In case of increasing-returns industry M, a movement up the (K/L)ª  line would cause trade. The output of industry M will be relatively more than the output of industry F. So the country that receives the transfer will have an absolute abundance in endowments and exports good M and will import good F. So countries that move to the right of the line x = 0
, which gives the no trade combinations in case of increasing-returns to scale, will import good M and export good F, and vice versa for countries that move to the left of this line. 

So even if there is no trade according to the Heckscher-Ohlin theorem, increasing-returns to scale might be an explanation for trade and therefore can explain the missing trade.
Figure 2. Increasing-returns to scale and trade
[image: image179.emf]Table 1. Trade Equation Estimates by Industry for the period 1999 - 2004

Industry Constant Capital Labour H Labour M Labour L Land  R2 R2 adjusted

-11.13272 22.65069** -41.39754 -152.4885** -40.76533** -7.425127** 0.546276 0.514767

(10.74597) (6.13016) (96.44377) (53.80935) (19.41210) (1.68267)

-1.80494 1.368672 -2.547041 6.638792 0.660525 -0.860108** 0.149740 0.090694

(1.99651) (1.13893) (17.91840) (9.99730) (3.60660) (0.31263)

-3.701736 9.87313** -179.3423** -66.62494** 44.21721** -0.87946 0.600383 0.572632

(3.38169) (1.92912) (30.35026) (16.93347) (6.10887) (0.52953)

-7.572352** 4.859881** -113.4498** -10.53449 50.51597** 0.29821 0.795907 0.781734

(2.07227) (1.18215) (18.59835) (10.37667) (3.74345) (0.32449)

1.611527 4.34641** -139.1108** -55.29888** 31.10092** 0.47947** 0.824677 0.812501

(1.45856) (0.83205) (13.09037) (7.30358) (2.63482) (0.22839)

5.539526* 0.223383 -150.603** -22.38582 2.987463 7.816653** 0.775647 0.760067

(3.22602) (1.84032) (28.95311) (16.15395) (5.82765) (0.50515)

1.47104 12.98042** -377.7968** -152.9005** -33.94996** 28.4792** 0.918264 0.912588

(6.64774) (3.79228) (59.66267) (33.28789) (12.00884) (1.04095)

-0.303871 0.349865 3.863349 6.328592 -8.282183** -0.406796** 0.482632 0.446704

(1.05610) (0.60246) (9.47834) (5.28830) (1.90779) (0.16537)

-11.81077* 10.74594** 23.45455 -59.91888* -2.165659 -0.238919 0.260487 0.209132

(6.10421) (3.48222) (54.78453) (30.56620) (11.02697) (0.95584)

1.291577 31.03443** -135.5015 -366.4814** -96.78575** -6.862833** 0.734992 0.716589

(10.94709) (6.24489) (98.24877) (54.81642) (19.77540) (1.71417)

-5.770627** 8.077077** -87.59178** -32.62265** -0.579079 -0.265089 0.796395 0.782256

(1.27507) (0.72738) (11.44360) (6.38479) (2.30336) (0.19966)

-0.77764 4.728662** -63.96559** -48.42029** 15.19621** 0.137781 0.457595 0.419928

(1.86438) (1.06356) (16.73255) (9.33568) (3.36791) (0.29194)

-2.096283 5.053137 32.26332 -59.1757* -59.79986** 3.993667** 0.545295 0.513718

(6.62313) (3.77824) (59.44179) (33.16465) (11.96438) (1.03709)

-0.252282 5.920017** -148.6371** -32.01556** 2.200912 1.423025** 0.628061 0.602232

(1.73899) (0.99202) (15.60718) (8.70779) (3.14140) (0.27230)

-5.410058 35.27007** -801.5738** -108.2075** -22.35925* 5.393665** 0.837415 0.826125

(6.58465) (3.75629) (59.09638) (32.97193) (11.89485) (1.03107)

-4.180294 20.57237** -439.5257** -196.9262** -62.48932** 16.87853** 0.813309 0.800344

(7.54706) (4.30531) (67.73392) (37.79112) (13.63341) (1.18177)

-6.789618 35.34064** -467.2836** -312.9348** -50.5304 2.047174 0.414643 0.373993

(17.02679) (9.71313) (152.81340) (85.25993) (30.75811) (2.66617)

-50.85713* 222.2989** -3326.84** -1726.652** -220.2566** 51.26778** 0.896254 0.889049

(29.01946) (16.55448) (260.44610) (145.31200) (52.42230) (4.54405)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Exports are in thousands euro's; capital stocks are in million euro's; labor is in hundreds persons; land is in square kilometers

Labor H = high-skilled labor; Labor M = medium-skilled labor; Labor L = low-skilled labor.

C15 Food products beverages 

C16 Tobacco products

C17 Textiles 

C18 Wearing apparel, dressing and dyeing of fur

C19 Leather leather products and footwear

C20 Wood and products of wood and cork

C21 Pulp paper paper products printing 

C22 Printing and publishing

C23 Coke refined petroleum products and nuclear fuel

C24 Chemicals and chemical products

C25 Rubber and plastics products

C26 Other non-metallic mineral products

C34T35 Transport equipment

C15T37 Manufacturing

C27 Basic metals

C28 Fabricated metal products, except machinery and equipment

C29 Machinery and equipment n.e.c.

C30T33 Electrical and optical equipment


Source: Markusen and Svensson (1990)
4 Method of research
In this chapter the different stages that where taken regarding the research will be presented. A great part is based on Smith, 1999a. First, the modification of the HOV model to insert GSEs will be shown.  Next, the different empirical tests are explained, like estimating the trade and output equations, detecting GSEs, and calculating the industry concentration. 
4.1 The modified HOV model
One of the assumptions of the HOV model is that all countries have access to the same constant-returns to scale technologies. This gives the following familiar expression 
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where 
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 denotes the (M x 1) vector of endowments of country i; 
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 denotes the (M x N) matrix of factor input requirements; and 
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 denotes the (N x 1) vector of industry outputs. By inverting the expression we get
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where 
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 denotes an (N x M) matrix of Rybczynski coefficients. The Rybczynski coefficients link a country’s endowments to its outputs under the assumption of constant commodity and factor prices. According to the HOV assumptions these coefficients are constant across countries.
Next, the trade equation
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where 
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 denotes an (N x 1) vector of the net industry exports of country i; and 
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 denotes an (N x 1) vector of industry consumption of country i. Under the assumption that preferences are identical and homothetic across countries, a country’s consumption is equivalent to the country’s share of world output which can be written as 
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Here 
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 is an (N x 1) vector of world industry outputs and 
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 are Gross National Income (GNI) and Gross World Income respectively.  
According the theory we know that, what holds for each country, also holds for the whole region of 13 European countries (EU13). This gives the equation 
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where 
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 is an (N x 1) vector of industry consumption of the EU13 and 
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After substituting (2) and (5) into (3) and scale all variables by 
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, this gives the following constant-returns trade and output equations
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Where 
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 and according to the assumption that preferences are identical and homothetic across countries these intercepts are constant across countries. The Rybczynski coefficients indicate the effect of an endowment j on both net exports and outputs per industry i. A positive coefficient indicates a comparative advantage of that particular endowment j in industry i. A negative coefficient indicates a comparative disadvantage of the particular endowment j in industry i.
Now the Geographical Scale Economies (GSEs) will be integrated into the HOV model. This is done in the same way as presented in chapter 3, namely, by introducing a Rybczynski matrix when GSEs are present.
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For convenience,  
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 denotes the (N x M) increasing-returns Rybczynski matrix of a country; 
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 denotes an (N x N) matrix of external scale economies within a country, also known as GSEs; and 
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 is an (N x N) matrix that relates the increasing- and constant returns Rybczynski matrices. In order to make comparisons of the HOV theory under constant-returns and increasing-returns, it is assumed that the own-industry scale effects dominate cross-industry scale effects
Next, the endowments of a country will be disaggregated into a relative and absolute component.
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Here 
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 can be seen as an (M x 1) vector of relative endowments of a country and 
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 as an (M x 1) vector of absolute endowments of a country. The relative and absolute components should be seen as the effect that they have on trade and output of a particular industry. This interpretation can be explained by writing the trade equation (6) as follows,
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which is derived by substituting (2) and (4) into (3) and using 
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 denotes an (M x 1) vector of world endowments.  Expression (10) shows that a country exports in case of factor abundance, which is defined by the difference between the endowments of a country and the country’s share of the world endowments 
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. In this case the country endowment j confers a comparative advantage in the industry in which the endowment j is intensive used in the production. This is the outcome of the Heckscher-Ohlin theory and the relative component is positive. Besides the relative abundance of a country there is also the absolute abundance. This absolute abundance occurs when the endowment j confers a comparative advantage and besides that substantially exceeds the country’s share of the world endowment j. So if we have for example two countries with both a relative abundance in labour, but one of the countries has a larger labour endowment in absolute sense, then it is this size factor what gives rise to GSEs.
Finally, the GSEs will be integrated in the HOV model by substituting 
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Next, expression (8) is rearranged as 
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Knowing that the absolute component 
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 has no effect on the country’s exports and output under constant returns to scale, we can state 
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where 
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 is the “disturbance” vector. Expressions (15) and (16) are the increasing-returns trade and output equations of which, besides the intercept, the right-hand-side terms are identical to expressions (6) and (7). The first term 
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 describes the augmenting contributions of GSEs arising in absolutely abundant countries.
When there are positive factor-contents contributions and there are also GSEs present, the latter will augment and not disturb these contributions. Smith (1999a) explains this with the help of the following expression for a given industry k,
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Here 
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 denotes the kth row of an (N x 1) factor-content vector and 
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 the kth row of the (N x 1) disturbance vector. The Rybczynski coefficients 
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. If this condition does not hold the disturbance can also show a negative effect. The magnitude of the disturbances is positively related to the strength of GSEs in the industry and to the absolute abundance of the endowments in the country.
4.2 Empirical tests

4.2.1 Detecting GSEs

The trade and output equations (15) and (16) lead to the following empirical specifications for a given industry k and country
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where 
[image: image148.wmf]Q

U

k

k

=

e

. The variables are all scaled by Q, in order to correct for heteroskedasticity, which is related to differences in country sizes
. The residuals, 
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, represent the disturbance terms and therefore capture the effects of GSEs on country exports and outputs in industry k. The trade and output equations are estimated by using panel regression. There is chosen for this approach because of the small sample of EU countries. 
The GSEs are detected by analysing the distribution of the residuals, which is normal when they are absent. The residuals which can be identified as positive outliers are from countries where GSEs are present for industry k, assuming that own-industry scale effects dominate cross-industry scale effects. The residuals distributions in this case should exhibit positive skewness, the distribution has a long right tail, and excess kurtosis, the distribution is peaked relative to the normal. 
4.2.2 Industry Concentration

After estimating the trade and output equations (18) and (19) the GSEs can be detected. Of the countries where GSEs are detected for a particular industry k, it should also be the case that a strong industry concentration is present. To analyze this, three measures are used. Firstly, the industry concentration in a country relative to other countries is calculated with 
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, for industry k; country i; and eu stands for EU13. Secondly, the industry concentration in a country is calculated relative to other manufactures in the country using 
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. When this concentration quotient is greater than one it means that the industry share of manufactures in a country exceeds the EU13 share.
The calculation of coefficients of variation can give insight in the character of industry concentration. The coefficients of variation are calculated with the following expression,

Coefficient of variation 
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If the coefficients for the country shares of the EU13 industry of the countries where GSEs are detected are large, it indicates strong industry concentration in a small number of countries. If the coefficients for industry shares of total manufactures for the countries with GSEs are large, it indicates strong country concentration in a small number of industries.
4.2.3 Omitted variables
Another explanation for the features of the residuals could be caused by omitted variables. To assess this, a couple of tests will be carried out. One of these tests is a regression of the residuals of the trade and output residuals on the supplemental endowments. This should give a good insight if the residuals can be explained by the supplemental variables: agricultural land, forest land, production of the fuels coal, gas, and oil, production of several minerals, and technological capital.

Another way to test this is to extend the trade and output equations (18) and (19) with the supplemental variables just mentioned. Eviews gives the option to perform a coefficient test to see if the supplemental variables are omitted by looking if they are zero. This test is done for the supplemental variables as a whole, but also disaggregated into the groups, land, fuels, minerals, and technological capital.
5 Data

In this chapter an overview will be provided of all data that has been used to carry out all tests described in the previous chapter. In some cases also the necessary computations are described.

5.1 Standard variables

All data has been collected for 13 EU countries, namely, Austria, Belgium, Denmark, Finland, France, Germany, Greece, Italy, Netherlands, Portugal, Spain, Sweden, and the United Kingdom for the period of 1999 up to and including 2004. The intention was to also include Ireland and Luxembourg into the sample of countries, but unfortunately not all required data was available. There has been chosen for these countries because they form a single market since 1993 of which Austria, Finland, and Sweden joined in 1995.
 The countries are forming an European Economic Area, which holds closely to the assumptions of the HOV theorem, like factor price equalization, identical technologies, and identical homothetic preferences. A single market also gives opportunities for industries that are subject to increasing economies to scale.
The independent variables of the trade and output equations (18) and (19) are labour, land, and capital. Labour is defined as the economically active population and an age between 15 and 74 years with the highest level of education attained. The population is disaggregated into three skill levels, namely low-skilled, medium-skilled, and high-skilled. Data for labour is taken from Eurostat, where low-skilled is the population with education level defined as International Standard Classification of Education (ISCED) 0-2, which is pre-primary education, primary education or first stage of basic education, and lower secondary or second stage of basic education. Medium-skilled are ISCED 3-4, which is upper secondary education and post-secondary non-tertiary education, and high-skilled ISCED 5-6, which is tertiary education
. Also taken from Eurostat is land which is defined as the geographical area of each country. The last independent variable is capital, which is the net capital stock of the construction of non-residential constructions. This is obtained by using the simplified Perpetual Inventory Method (PIM) as explained in the OECD publication STD/NAD(2009)1, a manual for measuring capital in national accounts
. For the calculation the following expression is used
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where 
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 and 
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 are the end-year and beginning-of-the-year net capital stocks, 
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 is the gross fixed capital formation of non-residential construction
, and 
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 is the depreciation rate of fixed capital. The depreciation rate 
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 is set equal to 3%, which is the average of the OECD-members as given in the OECD publication. Data of the gross fixed capital formation of non-residential construction is taken from the OECD database, of which the year 1980 is the earliest available. Before the net capital stock for the period 1999-2004 can be calculated an initial stock has to be defined for the year 1980. This is done by using the expression
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where 
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 are the net capital stock of the year 1980 and the gross fixed capital formation in 1980; 
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 is the long-run growth of the volume of investment which is set equal to the long-run growth rate of GDP of the country as advised in the OECD publication. After determining the initial stock, it is possible to calculate the net capital stock of the construction of non-residential construction.
Data for the dependent variables net exports and country value-added  for the 17 different manufacturing industries are taken from the OECD STAN Database 2008. Unfortunately, there were no appropriate price indices available for the exports and imports of the different industries for the chosen time period. Because the net exports are calculated, it is expected that it has little influence on the results. 
The scale variable GNI for each country used in the trade and output equations is taken from the World Development Indicators (WDI) of the World Bank.

5.2 Omitted variables

The trade and output equations are extended with possible omitted variables like agricultural land area, forest land area, fuels, minerals, and technological capital. Data for the two land variables were taken from the Food and Agriculture Organization (FAO) statistical database. There are three kinds of fuel, namely, coal, natural gas, and oil. For these fuels the value of production has been calculated. The data for the quantity produced has been taken from several publications of Energy Balances of OECD Countries and Energy Statistics of OECD Countries by the International Energy Agency. The prices for coal were taken from the Energy Information Administration; the prices for natural gas were taken from the Heren NBP index published in the BP Statistical Review 2008 as also the prices for oil.
The included minerals were chosen on the basis of importance for the use in manufacturing. The production and prices of the following minerals per country were provided by the U.S. Geological Survey (USGS); bauxite, copper, fluor, iron ore, lead, nickel, phosphate, potash, salt, tin, and zinc. 
Finally, the variable technological capital is calculated as the patent stocks of each country. These are constructed such that patents granted in one year add to the stock in the following year and then depreciate throughout the patent’s effective life according to the rate of knowledge obsolescence (Smith, 1999b). Data of the number of granted patents per country were taken from the OECD Dataset: Patents by Main IPC, which is available from the year 1977. 
6 Results

In this chapter the results of the tests will be presented. All tests have been carried out with the program Eviews.

The estimates of the trade and output equations are reported in table 1 and 2 of the appendix. The significant estimates of both the trade and output equations, except of the food, tobacco, and coke refined petroleum products industry, show a similar picture. The estimates that are significant and are positive (negative) indicate the country endowments that confer a comparative (dis)advantage in the industry. As can be expected for manufactures, it is capital that has a comparative advantage for a great part of industries. Also the comparative advantage of low-skilled labour in the textiles industry, land for the wood and products of  wood industry seems intuitive right. Only difference compared to the results of Smith are the estimates for high-skilled labour. This endowment confers in most industries a comparative disadvantage, where for instance for the industry electrical and optical equipment it can be a priori expected that it confers a comparative advantage. A possible explanation could be the disaggregation used here for the skill-levels of labour. As described in chapter 5, high-skilled labour is defined as the active population with tertiary education. Whereas Smith (1999a) defines high-skilled labour as the active population with at minimum a college degree, graduate degree, or professional training. 

The R-square, which can be used as a goodness of fit test, is for most industries quite high, as for the adjusted R-square
.
Next, is detecting GSEs by analyzing the distribution of the residuals. As noted in chapter 4, the residuals distributions should exhibit positive skewness and excess kurtosis. To analyze the distribution of the residuals the normality test is used in Eviews. In case of a normal distribution the calculated Jarque-Bera statistic is small and the probability is larger than 0.05, using a 5% significance level. GSEs are present when the null hypothesis, that the distribution of residuals is normal, is rejected, the value of skewness is positive and the value of kurtosis is larger than 3. 

The results of the test for detecting GSEs for the trade and output equation are presented in table 3 and 4 of the appendix. Unfortunately, there are GSEs present in just a few of the 17 industries. For the trade equations there are GSEs detected in the food products beverages, tobacco products, textiles, printing and publishing, coke refined petroleum products and nuclear fuel, chemicals and chemical products, and basic metals industries. And for the output equations there are GSEs detected for the food products beverages, tobacco products, wearing apparel dressing and dyeing of fur, leather, leather products and footwear, printing and publishing, and chemicals and chemical products industries. At the other hand, the number of industries with a positive value for skewness is 15 for the trade equations and 14 for the output equations. The number of industries with excess kurtosis is 11 against 8 for the trade and output equations, respectively. 

The following step is to see if the positive outliers in residual distributions are countries with industry concentration.  A country is identified as a positive outlier when the absolute value of the standardized residual is higher than 2 or indicated as outlier by Eviews. In figure 3 a graph is displayed, with on the x-axis the different observations and on the y-axis the value of the standardized residuals. The graph represents the distribution of the standardized residuals. In this case the positive outlier country represents the Netherlands in the tobacco industry.

Figure 3. Example of positive outlier
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Table 5 and 6 of the appendix report the countries with positive outliers for a specific industry for the trade and output equations, respectively. Comparing the standardized residuals of the different industries of the trade and output equations, they show different results. This is expected when taking the results of detecting GSEs in mind. 

Returning to the results of table 5 and 6, the Netherlands is for 17% home of the EU13 tobacco industry and Italy is for 50% the home of the EU13 leather, leather products and footwear industry. The national share of the mentioned industries in the total manufactures industry is for the Netherlands 3% and also for Italy 3%. The tobacco industry in the Netherlands is more than 4 times greater than the EU13 share. The leather, leather products and footwear industry in Italy is more than 3 times greater than the EU13 share. These results might prove that GSEs augment the exports and output of countries with strong industry concentration.

The results of the positive outlier countries of the several industries also show that there are differences in the character of industry concentration. For example, Germany is home to 37.76% of the EU13 machinery and equipment industry, yet the machinery equipment share of manufactures in Germany is just 1.32 times larger than the EU13 share. Denmark is home to 2% of the EU13 food products beverages industry, yet the food products beverage share in Denmark is 15%. Table 7 of the appendix gives an indication of industry differences in character of concentration. The machinery and equipment industry is ranked high for country shares of national industry. This indicates that it is concentrated in a small number of countries. At the other hand, the machinery and equipment industry is ranked low for industry shares of manufactures. This indicates that the small number of countries produce many other manufactures. For the pulp paper, paper products printing industry it is the other way around. This industry gets the lowest rank for country shares of national industry which indicates that it is concentrated in a large number of countries. The high rank for industry shares of manufactures indicates that the large number of countries produce few other manufactures. This gives the insight that Germany should benefit from GSEs in the machinery and equipment industry, because there are a small number of other countries that produce these kinds of manufactures. For Finland the benefit from GSEs in the pulp paper, paper products printing industry comes from the size of the industry in Finland, which is 5.55 times larger than the EU13 share.

Besides GSEs, the features of the residuals could be caused by omitted variables. The first method to analyze this is a regression of the residuals on the supplemental endowments. The results of these regressions are reported in table 8 and 9 of the appendix for the trade and output residuals, respectively. The significant estimates of both trade and output residuals are very similar, leaving some exceptions aside. The significant estimates give a mixed picture of their relation to the residuals. The variable coal is significant and positive for the coke refined petroleum products industry as can be expected. The variable technological capital is significant and positive for several industries where technology is important, like the electrical and optical equipment industry. Although interesting, the estimates do not give clearance about the relation with respect to the residuals. 
Therefore the trade and output equations are estimated once again, but now extended with the variables that might be omitted. The results can be found in table 10 and 11 of the appendix. First thing that can be noticed are the high values of the adjusted R-square for both equations. The signs for the significant estimates are very similar for the different industries. Capital has become a stronger comparative advantage, and high-skilled labour is still significantly negative for most industries. Unexpected is that agricultural land is a comparative disadvantage for the food industry. Forest land, at the other hand, is a comparative advantage in the wood industry. The production of fuels and minerals are a small comparative disadvantage in just a few industries. Technological capital is a comparative advantage in industries that are depended on technological innovation, like machinery and equipment, electrical and optical equipment, and the transport equipment industry. Bottom  line, the estimates could indicate that the distribution of the residuals is explained by these supplemental endowments.
To be sure if the supplemental endowments are omitted or not, and therefore could explain the features of the residuals, a final test has been carried out in Eviews. This coefficient tests the null hypothesis that the variables that are added to the model do not belong to this model. The results of this test are presented in table 12 of the appendix. The results of the test for the variables separately show that land, which is agricultural land and forest land combined, must definitely be part of the model. Fuels, which is coal, gas, and oil combined, shows different results for the two equations per industry, but still rejects the null for most of them. The same can be said of technological capital. According to the test it is only the production of minerals that does not belong to the model. But, combining all variables, the null hypothesis is rejected for all industries. The results give strong prove that the hypothesis that GSEs can explain the disturbances in Heckscher-Ohlin trade can be rejected when it concerns the EU13. 
7 Conclusion

By doing this research, the following question was tried to answer.

“Can Geographical Scale Economies within 13 European Union countries explain the country’s outputs and trade that are unexplained by country’s differences in endowments?”

Before answering this question, a short explanation was given of the Heckscher-Ohlin-Vanek model and the idea that increasing-returns to scale, or GSEs, augments trade that can be explained by relative endowment differences. A consequence is industry concentration, which might explain the case of missing trade introduced by Trefler, in countries that face similar national conditions. The results of Smith showed proof that GSEs can explain the disturbance of Heckscher-Ohlin trade for the 50 U.S. states in 1989. 

To answer the research question a panel regression has been used to estimate the trade and output equations. There has been chosen for this approach, because of the small number of countries in the data sample that produce to little data points. The estimates of the trade and output equations were not quit similar as theory predicts. Moreover, the number of detected GSEs per industry was very low. At the other hand, the positive outlier countries showed that there is correlation with industry concentration. This can be seen as a weak proof that GSEs can explain the disturbance of Heckscher-Ohlin trade.
Another explanation of the features of the residuals, used for detecting GSEs, could be endowments that are not included into the model. This has been tested by regressing residuals on the supplemental endowments and estimating the trade and output equations extended with these endowments. The latter gave a strong indication that the endowments were indeed omitted. It was the final coefficient test, with the null hypothesis that the variables added to the model do not belong to the model, which gave strong proof that the supplemental endowments were omitted. This weakened the proof that GSEs might be an explanation for the disturbance of Heckscher-Ohlin trade. That is, the hypothesis that GSEs can explain the disturbances in Heckscher-Ohlin trade can be rejected when it concerns the EU13.
So the answer to the research question is that in the case of the 13 European countries, GSEs do not explain country’s outputs and trade that are unexplained by country’s differences in endowments. 

Possible explanations could be that the external benefits do spill over to other countries, which in turn is the cause of lower industry concentration. Or the years of protectionism before the forming of a single market have caused that industries still do not optimal benefit from scale economies. Also the assumptions of the Heckscher-Ohlin theory may not be applicable to the EU13 region. In other words, it is not explicitly clear what is the cause of the rejection of the hypothesis that GSEs can explain the disturbances in Heckscher-Ohlin trade for the 13 European countries.

8 Appendix
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[image: image167.emf]Table 3. Distribution Residuals Trade Equation by Industry for the period 1999 - 2004

Industry Jarque-Bera Probability Skewness Kurtosis

7.239 0.027 0.762 3.401

161.960 0.000 2.366 8.756

11.368 0.003 0.878 3.904

3.328 0.189 0.527 3.173

2.740 0.254 0.313 3.740

2.422 0.298 0.404 3.421

0.736 0.692 -0.220 2.759

436.256 0.000 3.007 13.650

75.260 0.000 1.695 6.782

217.390 0.000 2.442 10.119

0.459 0.795 -0.197 2.955

1.807 0.405 0.360 2.682

18.764 0.000 1.144 4.096

0.923 0.630 0.065 3.547

1.651 0.438 0.372 2.886

0.907 0.635 0.215 2.694

1.547 0.461 0.010 2.310

C15 Food products beverages 

C16 Tobacco products

C17 Textiles 

C18 Wearing apparel, dressing and dyeing of fur

C19 Leather leather products and footwear

C20 Wood and products of wood and cork

C21 Pulp paper paper products printing 

C22 Printing and publishing

C23 Coke refined petroleum products and nuclear fuel

C24 Chemicals and chemical products

C25 Rubber and plastics products

C26 Other non-metallic mineral products

C34T35 Transport equipment

C27 Basic metals

C28 Fabricated metal products, except machinery and equipment

C29 Machinery and equipment n.e.c.

C30T33 Electrical and optical equipment


[image: image168.emf]Table 4. Distribution Residuals Output Equation by Industry for the period 1999 - 2004

Industry Jarque-Bera Probability Skewness Kurtosis

C15 Food products beverages 

173.719 0.000 2.182 9.366

C16 Tobacco products 84.030 0.000 1.844 6.900

C17 Textiles 

6.198 0.045 0.717 2.740

C18 Wearing apparel, dressing and dyeing of fur 17.249 0.000 1.116 3.967

C19 Leather leather products and footwear

44.085 0.000 1.224 6.020

C20 Wood and products of wood and cork 0.267 0.875 -0.026 2.702

C21 Pulp paper paper products printing 

1.409 0.494 0.212 3.550

C22 Printing and publishing 445.244 0.000 2.806 14.008

C23 Coke refined petroleum products and nuclear fuel

0.975 0.614 -0.104 2.460

C24 Chemicals and chemical products

199.220 0.000 2.405 9.720

C25 Rubber and plastics products

0.432 0.806 0.151 2.762

C26 Other non-metallic mineral products

0.392 0.822 -0.129 2.740

C27 Basic metals

2.235 0.327 0.153 2.180

C28 Fabricated metal products, except machinery and equipment

2.065 0.356 0.413 2.840

C29 Machinery and equipment n.e.c.

2.566 0.277 0.463 2.856

C30T33 Electrical and optical equipment

0.097 0.953 0.013 3.170

C34T35 Transport equipment

6.450 0.040 0.700 2.848
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� Countries trading in order to take advantage of their differences.


� There is also the Chamberlin approach where firms produce varieties of a product and have monopoly power, see for example Krugman (1985)


� Efficiencies arising from the large size of an industry in a location


� A complete test requires measurements of trade, factor input requirements, and factor endowments of a great number of countries. The first complete test of the HOV theorem was carried out by Maskus (1985)


� A country exports the services of its absolutely abundant factors and imports the services of its absolutely scarce factors


� The line is steeper than the (K/L)ª line because of the production of good M is capital intensive.


� See also Leamer (1984), pp. 28, 121-122, and 162.


� The single market consists of the four freedoms, the free movement of goods, services, people, and money


� The skill-levels differ slightly from Smith (1999), low-skilled is defined by an educational level of no formal training; medium-skilled as at most a college degree or post-secondary school, high-school vocational, or employer training; high-skilled as at minimum a college degree, graduate degree, or professional training.  


� This method stays closest to Smith (1999) who calculates capital as the building stock of each state. This is calculated by taking the value of the private non-residential construction authorized annually in each state and taking the sum of depreciated value. (See also Richardson & Smith, 1995)


� The time series of current-price gross fixed capital formation (GFCF) data are deflated by the appropriate investment price index (OECD).


� Advantage of the adjusted R-square is that it eliminates the dependence of the number of independent variables in the model
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[image: image180.emf]Table 12. Results omitted variables test

Industry

T O T O T O T O T O

C15 Food products beverages 

Y* N Y N N N N Y Y Y

C16 Tobacco products Y Y Y* Y N N Y Y Y Y

C17 Textiles 

N Y N N N N Y Y Y Y

C18 Wearing apparel, dressing and dyeing of fur Y Y Y Y N N Y Y Y Y

C19 Leather leather products and footwear

Y Y Y Y N Y Y Y Y Y

C20 Wood and products of wood and cork Y Y Y Y Y Y Y N Y Y

C21 Pulp paper paper products printing 

Y Y N N Y Y Y Y Y Y

C22 Printing and publishing Y Y Y N Y N Y Y Y Y

C23 Coke refined petroleum products and nuclear fuel

Y Y Y Y Y* Y* N Y* Y Y

C24 Chemicals and chemical products

Y Y Y Y Y Y Y Y* Y Y

C25 Rubber and plastics products

Y Y N Y N Y Y N Y Y

C26 Other non-metallic mineral products

Y Y N Y Y* Y Y N Y Y

C27 Basic metals

Y Y Y Y N N N N Y Y

C28 Fabricated metal products, except machinery and equipment

Y Y Y Y N N N N Y Y

C29 Machinery and equipment n.e.c.

Y Y N Y N N N Y Y Y

C30T33 Electrical and optical equipment

Y Y Y Y* Y* Y Y Y Y Y

C34T35 Transport equipment

N N Y Y N Y Y Y Y Y

T = Trade Equation

O = Output Equation

Y = reject H0; * significant at the 5% level; otherwise at the 1% level

N = not reject H0

Tech K All Land Fuels Minerals

[image: image181.emf]Table 2. Output Equation Estimates by Industry for the period 1999 - 2004

Industry Constant Capital Labour H Labour M Labour L Land  R2 R2 adjusted

C15 Food products beverages 

14.09055** -2.97858** 140.8299** 42.61776** 6.705237* -2.515937** 0.611879 0.584926

(2.02568) (1.15557) (18.18024) (10.14339) (3.65930) (0.31719)

C16 Tobacco products 0.063199 0.675057 1.342073 -0.183054 1.720655 -0.562328** 0.258438 0.206941

(0.81605) (0.46552) (7.32392) (4.08627) (1.47415) (0.12778)

C17 Textiles 

4.574244** 2.249134** -110.456** -17.52002* 42.34688** -0.355724 0.834287 0.822779

(1.77045) (1.00997) (15.88954) (8.86533) (3.19823) (0.27723)

C18 Wearing apparel, dressing and dyeing of fur -1.08292 -0.333784 -17.51321 35.13626** 33.9543** -0.289244 0.752985 0.735831

(1.80101) (1.02741) (16.16387) (9.01839) (3.25345) (0.28201)

C19 Leather leather products and footwear

2.755629** 1.003158* -72.63249** -15.54085** 21.2061** 0.304389** 0.842551 0.8316173

(0.91497) (0.52196) (8.21178) (4.58164) (1.65286) (0.14327)

C20 Wood and products of wood and cork 6.791027** 0.288901 -96.34376** -3.675118 1.871532 3.510257** 0.721534 0.702196

(1.71154) (0.97637) (15.36090) (8.57038) (3.09183) (0.26801)

C21 Pulp paper paper products printing 

7.053174* 6.257608** -191.0472** -91.42669** -19.48747** 15.46043** 0.916150 0.910327

(3.65861) (2.08710) (32.83560) (18.32013) (6.60911) (0.57289)

C22 Printing and publishing 21.05615** -2.845433* 21.07919 -69.76836** -24.18864** 0.322212 0.368896 0.325069

(2.75520) (1.57173) (24.72754) (13.79636) (4.97713) (0.43143)

C23 Coke refined petroleum products and nuclear fuel

-1.656282 -0.374379 55.27738** 33.95178** -2.074773 0.247635 0.290426 0.241150

(1.93948) (1.10640) (17.40658) (9.71174) (3.50358) (0.30370)

C24 Chemicals and chemical products

14.45849** 13.36623** -63.41254 -159.7521** -27.58332** -1.40775* 0.616275 0.589628

(5.08923) (2.90321) (45.67521) (25.48379) (9.19346) (0.79690)

C25 Rubber and plastics products

7.966577** 2.141971** -47.46029** -24.42421** -5.325335* -0.085508 0.329242 0.282662

(1.73847) (0.99173) (15.60257) (8.70522) (3.14047) (0.27222)

C26 Other non-metallic mineral products

3.52595 1.59217 -37.28175* 5.322551 46.91928** -0.355531 0.771669 0.755813

(2.27469) (1.29762) (20.41506) (11.39028) (4.10912) (0.35619)

C27 Basic metals

2.432176 2.835968 14.38405 -12.05769 -7.231704 1.502898** 0.261628 0.210352

(3.22807) (1.84149) (28.97149) (16.16420) (5.83135) (0.50547)

C28 Fabricated metal products, except machinery and equipment

20.5653** 6.605274** -248.4293** -70.76272** -0.661941 1.264255** 0.470438 0.433663

(3.91545) (2.23361) (35.14068) (19.60621) (7.07308) (0.61311)

C29 Machinery and equipment n.e.c.

11.4778** 15.65308** -418.0955** -33.20288 -9.34279 5.59224** 0.673205 0.650511

(5.32840) (3.03965) (47.82171) (26.68140) (9.62550) (0.83436)

C30T33 Electrical and optical equipment

15.13456 18.44514** -451.5517** -122.3993** -38.58016** 17.42812** 0.707428 0.687111

(9.57956) (5.46477) (85.97542) (47.96869) (17.30504) (1.50003)

C34T35 Transport equipment

17.40491* 3.305409 -53.06646 -54.02283 -22.17727 0.162437 0.080248 0.016377

(9.57771) (5.46372) (85.95878) (47.95940) (17.30169) (1.49974)

C15T37 Manufacturing

154.6635** 66.69879** -1581.618** -539.38** 3.10945 38.18314** 0.60668 0.579366

(26.59178) (15.16959) (238.65800) (133.15560) (48.03681) (4.16391)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Exports are in thousands euro's; capital stocks are in million euro's; labor is in hundreds persons; land is in square kilometers

Labor H = high-skilled labor; Labor M = medium-skilled labor; Labor L = low-skilled labor.
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[image: image184.emf]Table 8. Trade Residuals Regressions by Industry for 1999 - 2004

Residuals of Industry Constant Agri Forest Coal Gas Oil Minerals Tech K R2 R2 adjusted

C15 Food products beverages 

-19.17988** 441.5641** -58.40697* -3.785836** 0.933038** 0.448622** 4.389309** 225.4874** 0.43895 0.37560

(5.50244) (157.97450) (30.70589) (1.01360) (0.36593) (0.22411) (1.39249) (99.80107)

C16 Tobacco products -1.111548** 7.253116 8.589979** -0.096844 0.429939** -0.080246** 0.172172 -1.236853 0.78383 0.75942

(0.45776) (13.14233) (2.55451) (0.08432) (0.03044) (0.01865) (0.11585) (8.30272)

C17 Textiles 

6.891751** -161.9929** 11.32051 0.750434** -0.302138** -0.213022** -0.820497** -75.58757** 0.46323 0.40262

(1.50214) (43.12626) (8.38256) (0.27671) (0.09990) (0.06118) (0.38014) (27.24520)

C18 Wearing apparel, dressing and dyeing of fur 2.597831** -64.41488** 13.85086** 0.802719** -0.091525 0.026567 -0.667295** -46.18848** 0.37383 0.30313

(1.04286) (29.94047) (5.81960) (0.19210) (0.06935) (0.04248) (0.26392) (18.91502)

C19 Leather leather products and footwear

1.840606** -31.54885 4.730302 0.115811 -0.124996** -0.068457** -0.647589** -12.95726 0.36454 0.29280

(0.76006) (21.82112) (4.24143) (0.14001) (0.05055) (0.03096) (0.19235) (13.78559)

C20 Wood and products of wood and cork 1.740438 -13.84695 8.516716 -0.550868** -0.149858 -0.090465 -1.350537** 10.17234 0.46606 0.40577

(1.30356) (37.42496) (7.27438) (0.24013) (0.08669) (0.05309) (0.32989) (23.64338)

C21 Pulp paper paper products printing 

2.837338 -9.23892 58.79332** -0.579606 0.434437** -0.355464** -5.068766** 8.890048 0.68153 0.64557

(2.53807) (72.86765) (14.16346) (0.46753) (0.16879) (0.10338) (0.64231) (46.03445)

C22 Printing and publishing -9.149249** 185.1272** -71.93935** -1.601155** 0.068405 0.065889 4.495703** 134.5961** 0.62943 0.58759

(2.57610) (73.95964) (14.37572) (0.47454) (0.17132) (0.10492) (0.65193) (46.72432)

C23 Coke refined petroleum products and nuclear fuel

4.677708** -150.8281** 53.83602** 1.249518** 1.231639** -0.569408** -1.182478** -122.6461** 0.82864 0.80929

(1.36410) (39.16327) (7.61226) (0.25128) (0.09072) (0.05556) (0.34521) (24.74156)

C24 Chemicals and chemical products

-57.1236** 968.9482 -632.0401** -12.77919** -0.633759 0.307953 41.63377** 911.8863** 0.58752 0.54095

(24.13498) (692.91240) (134.68310) (4.44586) (1.60504) (0.98302) (6.10780) (437.75040)

C25 Rubber and plastics products

1.167272 -10.00468 4.233983 0.224174 -0.180006** -0.097729** -1.245765** 14.11473 0.56220 0.51277

(0.82587) (23.71068) (4.60870) (0.15213) (0.05492) (0.03364) (0.20900) (14.97933)

C26 Other non-metallic mineral products

2.426615** -38.39571* 3.620807 0.247855* -0.241084** -0.08516** -0.901385** -12.97413 0.56697 0.51808

(0.73615) (21.13479) (4.10802) (0.13561) (0.04896) (0.02998) (0.18630) (13.35199)

C27 Basic metals

8.802952** -181.7805** 7.612334 0.310153 -0.296519* -0.538964** -1.362724** -70.25008 0.49224 0.43491

(2.36187) (67.80906) (13.18021) (0.43508) (0.15707) (0.09620) (0.59772) (42.83867)

C28 Fabricated metal products, except machinery and equipment

-0.706994 39.9373 -3.950613 -0.258114 -0.092979 -0.063919 -0.600726** 38.61168** 0.21527 0.12667

(1.00145) (28.75142) (5.58848) (0.18448) (0.06660) (0.04079) (0.25343) (18.16383)

C29 Machinery and equipment n.e.c.

-1.243592 54.25761 -1.724732 -0.240009 -0.625342** -0.204251 -3.759225** 167.829** 0.33513 0.26007

(4.49382) (129.01700) (25.07735) (0.82780) (0.29885) (0.18303) (1.13724) (81.50706)

C30T33 Electrical and optical equipment

-4.834008 0.896648 -3.771493* -0.329112 0.254391 0.296218** -0.507148 142.3567* 0.27036 0.19740

(3.02686) (6.94362) (2.17739) (0.73878) (0.21659) (0.10555) (1.06621) (56.87397)

C34T35 Transport equipment

-10.35365* 11.2139 -3.24219 -6.78792** 1.421024** -0.958837** 0.434648 398.8559** 0.56085 0.51693

(5.29788) (12.15333) (3.81107) (1.29308) (0.37910) (0.18474) (1.86617) (99.54589)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Minerals and fuels are in thousands euro's; agricultural land, and forest are in square kilometers;

TechK = Technological Capital, which is calculated as the patent stock
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Residuals of Industry Constant Agri Forest Coal Gas Oil Minerals Tech K R2 R2 adjusted

C15 Food products beverages 

2.075728** -1.569986 0.866908 0.111055 -0.153774** 0.048755* -0.367698 -53.33639** 0.25294 0.17824

(0.82207) (1.88583) (0.59136) (0.20065) (0.05883) (0.02867) (0.28957) (15.44652)

C16 Tobacco products -0.406065 -0.991246 -0.300801 0.333668** 0.022943 0.017699 0.334475** 6.385708 0.31165 0.24282

(0.31789) (0.72925) (0.22868) (0.07759) (0.02275) (0.01109) (0.11198) (5.97313)

C17 Textiles 

2.537108** -2.137539 1.940019** 0.049705 -0.125235** -0.043529* -0.616361** -59.20397** 0.32231 0.25455

(0.68432) (1.56983) (0.49227) (0.16703) (0.04897) (0.02386) (0.24105) (12.85819)

C18 Wearing apparel, dressing and dyeing of fur 0.541895 2.668163* 1.422313** 0.663189** -0.135887 -0.018819 -0.568472** -34.11911** 0.47845 0.42629

(0.61070) (1.40095) (0.43931) (0.14906) (0.04370) (0.02130) (0.21512) (11.47490)

C19 Leather leather products and footwear

-0.36139 2.356977** 0.880036** 0.392822** 0.010217 -0.030261** -0.575892** -2.948929 0.54529 0.49982

(0.28969) (0.66455) (0.20839) (0.07071) (0.02073) (0.01010) (0.10204) (5.44325)

C20 Wood and products of wood and cork 0.391212 -0.010221 0.64076 -0.535518** 0.094569** -0.014921 -0.980921** 4.79944 0.36793 0.30472

(0.63890) (1.46563) (0.45960) (0.15594) (0.04572) (0.02228) (0.22505) (12.00476)

C21 Pulp paper paper products printing 

1.736938 -3.298872 2.55605** -0.495314 0.092998 -0.035321 -2.245481** -8.223864 0.33438 0.26782

(1.40149) (3.21502) (1.00817) (0.34207) (0.10029) (0.04887) (0.49367) (26.33364)

C22 Printing and publishing -1.120434 -2.980062 -1.3428 0.072576 0.133401 0.084229** 0.435933 37.20952* 0.20468 0.12515

(1.15368) (2.64654) (0.82991) (0.28159) (0.08255) (0.04023) (0.40638) (21.67739)

C23 Coke refined petroleum products and nuclear fuel

0.955784 1.650382 2.706454** 0.405693** -0.062535 -0.130993** -1.157376** -28.70135** 0.50482 0.45530

(0.64081) (1.47002) (0.46097) (0.15641) (0.04585) (0.02235) (0.22572) (12.04064)

C24 Chemicals and chemical products

3.094844 -17.24897** -1.784661 -0.754695* 0.093169 -0.138872** 4.021967** -30.71621 0.56764 0.52440

(1.57122) (3.60439) (1.13027) (0.38350) (0.11243) (0.05479) (0.55346) (29.52294)

C25 Rubber and plastics products

-1.300557* 4.551967** 0.378412 -0.326411** 0.117817** -0.045869* -1.017346** 31.71843** 0.33778 0.27156

(0.66425) (1.52379) (0.47783) (0.16213) (0.04753) (0.02316) (0.23398) (12.48107)

C26 Other non-metallic mineral products

1.009022 1.795619 2.048115** -0.673707** 0.105066* -0.09653** -1.831623** -10.69199 0.46124 0.40737

(0.78394) (1.79835) (0.56393) (0.19134) (0.05610) (0.02734) (0.27614) (14.72996)

C27 Basic metals

2.067092* -2.887179 2.975797** -0.751402** 0.172661** -0.268096** -1.014955** -22.13672 0.40191 0.34210

(1.17216) (2.68893) (0.84320) (0.28610) (0.08388) (0.04087) (0.41289) (22.02458)

C28 Fabricated metal products, except machinery and equipment

-3.234761** 9.80944** 1.922767* 0.275486 0.303799** -0.219671** -1.755412** 59.76449** 0.30706 0.23776

(1.53036) (3.51064) (1.10087) (0.37352) (0.10951) (0.05336) (0.53907) (28.75501)

C29 Machinery and equipment n.e.c.

-4.463176** 6.441047 -1.33398 -0.933276* 0.510892** -0.080048 -0.868533 119.3993** 0.23755 0.16131

(2.18456) (5.01137) (1.57148) (0.53320) (0.15632) (0.07618) (0.76951) (41.04730)

C30T33 Electrical and optical equipment

-2.879789 10.26874 2.202221 -2.786122** 0.39669 -0.142681 -5.1156** 138.6705** 0.33374 0.26711

(3.67138) (8.42215) (2.64103) (0.89610) (0.26271) (0.12802) (1.29324) (68.98436)

C34T35 Transport equipment

-6.723486** -0.7705 -4.65095** -2.654724** 0.859657** -0.526651** 4.121504** 223.6577** 0.66111 0.62722

(2.61790) (6.00546) (1.88320) (0.63897) (0.18733) (0.09129) (0.92215) (49.18970)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Minerals and fuels are in thousands euro's; agricultural land, and forest are in square kilometers;

TechK = Technological Capital, which is calculated as the patent stock

[image: image186.emf]Table 11. (Continued)

Industry AGRI Forest Coal Gas Oil Minerals TechK R2 adjusted

C15 Food products beverages 

-972.844** -1422.737** 0.614622 -0.022455 0.04663 0.657753 -52.75599 0.76622

(275.18200) (284.24630) (0.82222) (0.17792) (0.11836) (1.02152) (63.79683)

C16 Tobacco products -41.47617* -50.46457** 0.00622 0.186036** -0.020111* 0.164675* 2.040371 0.82941

(24.01241) (24.80336) (0.07175) (0.01553) (0.01033) (0.08914) (5.56692)

C17 Textiles 

-74.93528 94.73111 0.471624* -0.242634** -0.045746 0.142855 -73.95458** 0.89751

(79.34941) (81.96312) (0.23709) (0.05130) (0.03413) (0.29456) (18.39597)

C18 Wearing apparel, dressing and dyeing of fur 45.588 93.41106 0.895858** -0.097005* 0.008795 -0.090235 -30.12402 0.85238

(78.78112) (81.37611) (0.23539) (0.05094) (0.03388) (0.29245) (18.26423)

C19 Leather leather products and footwear

122.0585** 158.3563** -0.175238 -0.058125 0.000874 0.061773 1.047394 0.82682

(59.04902) (60.99405) (0.17643) (0.03818) (0.02540) (0.21920) (13.68963)

C20 Wood and products of wood and cork 230.0779** 317.5039** -1.041126** -0.118988** 0.055031** 0.41341** 17.41185** 0.94139

(41.20833) (42.56570) (0.12313) (0.02664) (0.01772) (0.15297) (9.55354)

C21 Pulp paper paper products printing 

-157.6847 -8.31211 -0.341154 0.028463 -0.037908 -1.727305 0.365802 0.94464

(141.22920) (145.88120) (0.42198) (0.09131) (0.06074) (0.52427) (32.74188)

C22 Printing and publishing -210.4549 -676.6284** -2.107634** 0.404657** 0.054451 1.847641* 46.69541 0.67184

(292.07670) (301.69750) (0.87270) (0.18884) (0.12562) (1.08424) (67.71363)

C23 Coke refined petroleum products and nuclear fuel

-12.71876 112.9488* 0.712081** 0.030928 -0.154462** -0.088565 -51.21042** 0.76557

(58.64092) (60.57251) (0.17521) (0.03792) (0.02522) (0.21769) (13.59502)

C24 Chemicals and chemical products

-3501.523** -5164.681** -1.056741 -0.461605 -0.598386 4.543916 -69.52223 0.72512

(1103.15900) (1139.49600) (3.29614) (0.71325) (0.47447) (4.09510) (255.75090)

C25 Rubber and plastics products

234.1205** 219.8066** -0.495004** -0.258542** 0.110493** -0.053939 97.54146** 0.74860

(59.03868) (60.98337) (0.17640) (0.03817) (0.02539) (0.21916) (13.68724)

C26 Other non-metallic mineral products

164.4057** 210.8741** -0.609958** -0.341273** 0.002453 0.347527 16.71653 0.93173

(67.30818) (69.52526) (0.20111) (0.04352) (0.02895) (0.24986) (15.60439)

C27 Basic metals

496.7274** 801.9693** -1.101058** -0.376989** -0.197342** 1.701784** -20.26273** 0.89603

(68.42994) (70.68397) (0.20446) (0.04424) (0.02943) (0.25402) (15.86446)

C28 Fabricated metal products, except machinery and equipment

801.2679** 941.4468** -1.966272** -0.466826** 0.049828 1.424317** 182.3472** 0.68680

(176.68210) (182.50190) (0.52791) (0.11423) (0.07599) (0.65587) (40.96111)

C29 Machinery and equipment n.e.c.

1179.056** 1313.949** -1.926216** -0.659563** 0.481903** 2.574164** 460.0022** 0.88396

(179.69400) (185.61300) (0.53691) (0.11618) (0.07729) (0.66705) (41.65937)

C30T33 Electrical and optical equipment

196.7979** 215.5077** -2.889698** -1.1091** 0.22723* -3.135754** 610.7111** 0.89277

(37.02383) (41.43988) (0.77914) (0.31210) (0.11901) (1.47992) (97.22048)

C34T35 Transport equipment

176.8939** 177.458** -2.97504** -0.080033 -0.175299* 8.542509** 526.446** 0.75652

(31.45975) (35.21214) (0.66204) (0.26520) (0.10112) (1.25752) (82.60983)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Exports, minerals, and fuels are in thousands euro's; capital stocks are in million euro's; labor is in hundreds persons; land, agricultural, and forest are in square kilometers;

Labor H = high-skilled labor; Labor M = medium-skilled labor; Labor L = low-skilled labor.

TechK = Technological Capital, which is calculated as the patent stock
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Industry Constant Capital Labor H Labor M Labor L Land 

C15 Food products beverages 

3.056209 300.6655** 30.0737 -14.47559 -21.82866** 0.982962**

(3.98472) (80.28866) (47.70321) (40.12739) (9.54522) (0.20797)

C16 Tobacco products -0.231662 15.19872** 1.600333 -0.004098 1.123212 0.032093*

(0.34771) (7.00600) (4.16259) (3.50152) (0.83292) (0.01815)

C17 Textiles 

10.95059** 20.23372 -65.82163** -11.48171 31.43154** -0.070304

(1.14900) (23.15143) (13.75534) (11.57083) (2.75239) (0.05997)

C18 Wearing apparel, dressing and dyeing of fur 6.873175** 18.26973 -79.44171** -20.84409* 21.29891** -0.063024

(1.14078) (22.98563) (13.65683) (11.48796) (2.73268) (0.05954)

C19 Leather leather products and footwear

5.029288** 5.75839 -70.72124** -17.50313** 16.88184** -0.11329**

(0.85505) (17.22848) (10.23624) (8.61060) (2.04823) (0.04463)

C20 Wood and products of wood and cork 2.356313** 34.77092** -68.62791** 25.75307** 1.776353 -0.201976**

(0.59671) (12.02318) (7.14353) (6.00905) (1.42939) (0.03114)

C21 Pulp paper paper products printing 

2.070309 32.39327 -23.52285 11.20272 -3.83347 0.142327

(2.04504) (41.20583) (24.48230) (20.59422) (4.89881) (0.10674)

C22 Printing and publishing 2.861785 55.45341 7.74803 -16.4693 -30.34873** 0.466653**

(4.22936) (85.21797) (50.63195) (42.59100) (10.13125) (0.22074)

C23 Coke refined petroleum products and nuclear fuel

3.660341** 41.96628** 32.70656** -4.105307 -12.69186** -0.078374*

(0.84914) (17.10941) (10.16549) (8.55109) (2.03407) (0.04432)

C24 Chemicals and chemical products

-1.85678 697.586** 100.7381 -208.5324 -150.3292** 3.574263**

(15.97408) (321.86390) (191.23420) (160.86400) (38.26521) (0.83373)

C25 Rubber and plastics products

6.683207** 12.13517 -22.93328** -23.84106** -3.920584* -0.170987**

(0.85490) (17.22546) (10.23445) (8.60910) (2.04787) (0.04462)

C26 Other non-metallic mineral products

5.70116** 102.2969** -54.71717** -14.72849 26.10439** -0.167534**

(0.97464) (19.63822) (11.66797) (9.81497) (2.33472) (0.05087)

C27 Basic metals

8.617318** 3.242259 69.10251** 15.97126 -21.3042** -0.581394**

(0.99089) (19.96551) (11.86243) (9.97854) (2.37363) (0.05172)

C28 Fabricated metal products, except machinery and equipment

20.1167** 29.04894 -127.1321** -51.34316* -12.71147** -0.700618**

(2.55841) (51.54978) (30.62811) (25.76401) (6.12856) (0.13353)

C29 Machinery and equipment n.e.c.

15.26737** 52.73218 -254.8252** -62.15656** -10.90136* -0.959157**

(2.60203) (52.42854) (31.15023) (26.20321) (6.23304) (0.13581)

C30T33 Electrical and optical equipment

49.96712** 0.428146 -613.0274** -351.0701** -4.033056 -139.1714**

(9.23152) (4.80948) (108.28860) (80.53101) (15.90814) (30.34824)

C34T35 Transport equipment

49.24073** 0.678987 -410.8592** -413.7859** -49.04268** -134.0898**

(7.84417) (4.08669) (92.01457) (68.42851) (13.51741) (25.78739)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Exports, minerals, and fuels are in thousands euro's; capital stocks are in million euro's; labor is in hundreds persons; land, agricultural, and forest are in square kilometers;

Labor H = high-skilled labor; Labor M = medium-skilled labor; Labor L = low-skilled labor.

TechK = Technological Capital, which is calculated as the patent stock
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Industry Constant Capital Labor H Labor M Labor L Land 

C15 Food products beverages 

-14.34076* 244.6064 96.12835 -58.60882 -74.07539** 1.782802**

(7.97607) (160.71090) (95.48579) (80.32154) (19.10633) (0.41629)

C16 Tobacco products -2.639208** 14.92644 7.100815 11.16012 4.116943** 0.074395*

(0.72139) (14.53541) (8.63616) (7.26464) (1.72806) (0.03765)

C17 Textiles 

11.85669** 21.99818 10.98952 -25.40765 23.92218** -0.000958

(2.33273) (47.00252) (27.92637) (23.49134) (5.58796) (0.12175)

C18 Wearing apparel, dressing and dyeing of fur 4.015412** -6.834017 -85.55979** -41.08813** 42.23275** 0.035557

(1.72980) (34.85404) (20.70840) (17.41967) (4.14367) (0.09028)

C19 Leather leather products and footwear

7.55523** -9.580552 -64.6767** -34.93675** 18.79614** -0.202774**

(1.17302) (23.63526) (14.04281) (11.81264) (2.80991) (0.06122)

C20 Wood and products of wood and cork -3.804587** 29.07963 -39.71011** 66.20164** 16.59511** -0.086725

(1.53648) (30.95867) (18.39398) (15.47280) (3.68056) (0.08019)

C21 Pulp paper paper products printing 

-5.972402** 73.14111 -61.96961* 21.71169 -3.883071 0.207201

(2.74893) (55.38848) (32.90886) (27.68255) (6.58493) (0.14347)

C22 Printing and publishing -2.294862 79.27521 -96.06686** -36.06946 -40.16415** 0.449677**

(3.92152) (79.01511) (46.94654) (39.49088) (9.39382) (0.20467)

C23 Coke refined petroleum products and nuclear fuel

7.360685** -175.0805** 194.2642** 7.075252 -1.011733 0.043116

(2.38532) (48.06204) (28.55588) (24.02088) (5.71392) (0.12450)

C24 Chemicals and chemical products

-31.76284 1291.908* 261.2357 -384.577 -332.4891** 8.16374**

(34.53884) (695.92750) (413.48280) (347.81690) (82.73625) (1.80266)

C25 Rubber and plastics products

5.565962** -35.02646 4.8829 -34.49268** -9.956017** -0.237537**

(1.17374) (23.64988) (14.05149) (11.81995) (2.81165) (0.06126)

C26 Other non-metallic mineral products

7.615044** -18.72976 6.234201 -37.54758** 0.362859 -0.245401**

(1.09245) (22.01195) (13.07832) (11.00133) (2.61692) (0.05702)

C27 Basic metals

3.517137 -80.80546 291.5317** 87.81977** -56.21155** -0.11968

(3.54252) (71.37867) (42.40938) (35.67428) (8.48595) (0.18489)

C28 Fabricated metal products, except machinery and equipment

5.785419** -27.66438 -67.1801** -33.62299** -2.354304 -0.363701**

(1.51752) (30.57669) (18.16703) (15.28189) (3.63515) (0.07920)

C29 Machinery and equipment n.e.c.

24.78629** 36.07441 -346.13** -141.4658** -46.52359** -1.073954**

(5.75594) (115.97710) (68.90736) (57.96407) (13.78809) (0.30042)

C30T33 Electrical and optical equipment -5.793546 -9.661086** 72.5469 -72.315 -17.80931 30.4476

(6.76446) (3.52418) (79.34919) (59.00964) (11.65680) (22.23787)

C34T35 Transport equipment

35.80972** 25.50641** -1027.719** -777.1933** -31.09342 -151.9682**

(16.66031) (8.67976) (195.43070) (145.33600) (28.70976) (54.77010)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Exports, minerals, and fuels are in thousands euro's; capital stocks are in million euro's; labor is in hundreds persons; land, agricultural, and forest are in square kilometers;

Labor H = high-skilled labor; Labor M = medium-skilled labor; Labor L = low-skilled labor.

TechK = Technological Capital, which is calculated as the patent stock
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Industry Agri Forest Coal Gas Oil Minerals Tech K R2 adjusted

C15 Food products beverages 

-1511.904** -2584.608** -1.579127 1.004924** 0.188671 -3.902114* 75.95771 0.34623

(550.82180) (568.96540) (1.64581) (0.35614) (0.23691) (2.04474) (127.69980)

C16 Tobacco products -102.9281** -106.1848** 0.135428 0.405492** -0.058978** -0.055784 6.431271 0.81845

(49.81877) (51.45976) (0.14885) (0.03221) (0.02143) (0.18494) (11.54974)

C17 Textiles 

-357.1664** -14.92102 0.982425** -0.450625** -0.186926** -0.023585 -128.2702** 0.72894

(161.09680) (166.40320) (0.48134) (0.10416) (0.06929) (0.59802) (37.34788)

C18 Wearing apparel, dressing and dyeing of fur -121.027 -35.39149 1.37611** -0.124307 0.071367 -0.58174 -19.75619 0.80654

(119.45900) (123.39390) (0.35693) (0.07724) (0.05138) (0.44345) (27.69479)

C19 Leather leather products and footwear

166.3809** 279.3964** -0.366106 -0.136256* -0.057442 0.247636 -16.42563 0.83085

(81.00769) (83.67602) (0.24204) (0.05238) (0.03484) (0.30071) (18.78042)

C20 Wood and products of wood and cork -2.404095 219.4547** -1.069085** -0.280483** -0.033746 -0.032838 -19.96684 0.92193

(106.10800) (109.60310) (0.31704) (0.06861) (0.04564) (0.39389) (24.59955)

C21 Pulp paper paper products printing 

-301.0579 116.4606 -0.318866 0.099853 -0.114739 -3.143301** 32.0665 0.97828

(189.83890) (196.09210) (0.56722) (0.12274) (0.08165) (0.70471) (44.01131)

C22 Printing and publishing -108.8703 -670.1281** -1.656358** 0.261413 -0.14787 1.555131 67.73479 0.73244

(270.81700) (279.73750) (0.80918) (0.17510) (0.11648) (1.00532) (62.78488)

C23 Coke refined petroleum products and nuclear fuel

-226.9156 -15.31063 1.3799** 1.214186** -0.569579** -1.287183** -132.0128** 0.84475

(164.72820) (170.15420) (0.49219) (0.10651) (0.07085) (0.61150) (38.18977)

C24 Chemicals and chemical products

-7922.162** -11786.81** -2.083969 -0.439723 -1.419059 6.515253 -186.6708 0.72611

(2385.22700) (2463.79500) (7.12685) (1.54218) (1.02588) (8.85435) (552.97930)

C25 Rubber and plastics products

214.9079** 312.7179** 0.15332 -0.217708** -0.017152 -0.088049 63.19342** 0.79374

(81.05779) (83.72777) (0.24219) (0.05241) (0.03486) (0.30090) (18.79204)

C26 Other non-metallic mineral products

212.9524** 333.0068** -0.260144 -0.245121** -0.071637** 0.1287 -10.00353 0.72959

(75.44391) (77.92898) (0.22542) (0.04878) (0.03245) (0.28006) (17.49054)

C27 Basic metals

-222.0143 209.3068 -0.655325 -0.427917** -0.596199** -0.027194 -196.8192** 0.77641

(244.64380) (252.70220) (0.73097) (0.15818) (0.10522) (0.90816) (56.71701)

C28 Fabricated metal products, except machinery and equipment

380.9849** 504.8476** -0.243973 -0.143839** 0.043479 0.755191* 92.13585** 0.66138

(104.79880) (108.25080) (0.31313) (0.06776) (0.04507) (0.38903) (24.29603)

C29 Machinery and equipment n.e.c.

957.1997** 1458.763** 0.26739 -0.998972** 0.372873** 2.792022* 474.0023** 0.81395

(397.50080) (410.59420) (1.18770) (0.25701) (0.17096) (1.47559) (92.15461)

C30T33 Electrical and optical equipment -22.38848 -26.40931 1.946118** -0.284744 0.402948** -3.52033** 461.5734** 0.94081

(27.12946) (30.36536) (0.57092) (0.22869) (0.08720) (1.08442) (71.23896)

C34T35 Transport equipment

241.5226** 206.8226** -7.569243** -0.496449 -0.516374** 2.845079 978.7943** 0.77882

(66.81769) (74.78743) (1.40612) (0.56326) (0.21477) (2.67085) (175.45580)

Notes: * Significant at the 10% level; **significant at the 5% level. Standard errors are in parentheses.

Exports, minerals, and fuels are in thousands euro's; capital stocks are in million euro's; labor is in hundreds persons; land, agricultural, and forest are in square kilometers;

Labor H = high-skilled labor; Labor M = medium-skilled labor; Labor L = low-skilled labor.

TechK = Technological Capital, which is calculated as the patent stock
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