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Abstract  

The aim of this thesis is to provide the assessment of trade-quality relationship for 

European Union. This thesis is beneficial as it answers the question if quality 

substantively affects traded volume and economic development in EU. Further, it 

should be helpful to decision making procedure concerning international trade as it 

identifies exported product characteristics which can lead to faster economic growth. 

This thesis verifies whether export sophistication positively influences traded volume 

in 27 members of the EU (Luxembourg is excluded due to limits in data) in year 

2013. The most recent innovations in quality measurement and estimation technique, 

the quality index and two stages of gravity model of international trade are applied in 

this thesis to be the most accurate and up-to-date as possible. This thesis confirms 

that sophistication in EU presents significant factor of products and the rise in quality 

helps to more intensive trade and can result in faster economic growth. The result was 

checked for possible biases in two specifications, in single country and industry level 

estimations. The importance of quality for trade was supported in all these 

concretizations. 
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Abstrakt  

Cílem této práce je ohodnocení vztahu mezi obchodem a kvalitou vývozních 

produktů v Evropské Unii. Podstatnost práce je v odpovědi na otázku zda kvalita 

významně ovlivňuje obchodované množství e ekonomický rozvoj v EU. Také by 

měla pomoci v rozhodovacím procesu zaměřeném na mezinárodní obchod v EU, 

protože odhaluje podstatnou charakteristiku vývozu, která vede k ekonomickému 
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růstu země. Tato práce ověřuje, zda sofistikace exportu pozitivně ovlivňuje 

obchodované množství ve 27 zemích EU (Lucembursko je vyňato kvůli nedostatkům 

v datech) v roce 2013. V ohodnocení kvality a v odhadové technice jsou využity 

poslední novinky, index kvality a gravitační model mezinárodního obchodu, čímž je 

zajištěna přesnost a aktuálnost práce. Výsledky potvrzují, že sofistikace vývozu v EU 

představuje podstatnou charakteristiku produktů. Zvýšení kvality napomáhá 

intenzivnějšímu obchodu a vede k ekonomickému růstu. Tento výsledek byl ověřen 

ve dvou specifikacích, v odhadu zaměřeném na členské země EU a jednotlivé 

průmysly. Obě tyto konkretizace odhadu potvrdily důležitost kvality pro obchod. 
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Proposed Topic: 

Sophistication of European Union’s exports 

Motivation: 

The aim of this thesis is to analyse the development and determinants of export of 

European Union. What country export has a significant effect on country’s 

performance as found in Hausmann, Hwang and Rodrik (2007). Countries that 

specialize in more sophisticated products show higher indicator of economic growth. 

The same relationship was also proven true for export of services (Mishra, Lundtrom 

and Anand 2011). 

 

There exist a lot of indices on export sophistication, starting with the most popular 

unit values to less popular market share index, product penetration, export similarity 

index or relative market specialization. Different indices would be computed for EU 

in this thesis to see whether there is any distinction in achieved export sophistication 

based on measurement method chosen.  

 

Based on obtained values on export sophistication, it could be evaluated whether EU 

specializes in products that promote economic growth and how much sophistication 

can boost growth and therefore increase EU competitiveness. EU values can be 

compared to those of USA or Japan to rate European relative performance on 

international market. Moreover, structure of EU export basket will be shown to 

determine its evolution during time and after accession of new member states. These 

new member states are argued to have lower export quality than old EU countries 

(Benkovskis and Rimgailaite 2010). It is expected that value of EU export 

sophistication index adjust after adding new countries into computation, the size of 

influence of new countries to initial values will be measured. Further, this 

relationship can be also examined from the side of new countries. Country level 

analysis will be used to detect whether entry in EU and higher level of trade 

integration leads to more symmetry between union countries or not. 

Hypotheses: 

Hypothesis #1: EU as a developed nation specializes in more sophisticated products 

that promote economic growth. 

 

Hypothesis #2: The EU export and export of other world leading countries are 

similar. 

 

Hypothesis #3: The export basket for new and old member countries of EU is 

different from each other and export of whole EU or EMU changed after accession of 
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new countries.  The idea that trade integration make countries more similar is not 

supported. Members vary and specialize in their production. 

Methodology: 

Indexes: 

 EXPY = The productivity level associated with country’s export basket = 

weighted average of PRODY, weights are value shares of the products in 

country’s total exports  

 

 PRODY = The productivity level associated with product k 
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 where /jk jx X is value share of the commodity 

in the country’s total export basket and 
jY is GDP of country j. 

 

 SI = Export sophistication, 

SI(i) = 100*(US (i)-US (min))/(US (max)-US (min)) 

 

 MSI = Market share index, where c denotes country and r region 
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 Product penetration = A measure that answers the question what the share of 

products in which the country exports to another country is among all 

products – by year, by category, by country, by sector etc 

 

 Relative market specialization = difference between the share of the 

destination market in euro area exports and the share of the destination 

market in world exports 

 

 Relative product specialization = difference between the share of the sector in 

euro area exports and the share of the sector in world exports 

 

 Export similarity index, where c and d are trading partners and tpcs
is share of 

country c export in good p in year t 

min( , )tdc tpc tpd

p
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 Unit value = 𝑢𝑝𝑐 =
𝑉𝑝𝑐

𝑄𝑝𝑐
   where 𝑉𝑝𝑐 is the total value of imports of product p 

from country c in chosen currency and 𝑄𝑝𝑐 is overall amount of export of 

product p expressed in weight 
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1. Introduction  
 

International trade is one of the major country’s activities which can promote 

economic growth. Markusen, Melvin, Kaempfer, & Maskus (1995) showed that fast 

international trade growth during 1960s and 1970s was interlinked with global rise of 

gross domestic product value. It is crucial for effective international trade policy to 

find out what features help country to maintain all trade relationships, or to attain 

higher share of world exports. Sophistication definitely belongs to product 

characteristic with possible significant impact on country performance at 

international market. It was proved that more sophisticated products can be sold to 

more developed and richer nations (Hausmann et. al., 2006), so the exporter can 

reach higher profit on those kind of products. Hallak (2003) suggested that quality 

affects traded volume and can make country to be more competitive at international 

market. Research on linkages between trade and quality was carried out for various 

geographical areas. Asia attracted a lot of attention of researchers. Schott (2008), 

Jarreau & Poncet (2011), Kneller & Yu (2008) or Manova & Zhang (2009) showed 

on evidences from China that higher quality ensures more destination opportunities, 

more intense trade and faster economic development. United States usually serves as 

comparison group in the survey. Some individual European countries were examined 

in terms of quality importance too. Fisher (2010) and Kellman & Shachmurove 

(2012) demonstated that quality can improve trade balance in particular European 

countries.  

This thesis aims at assessment of relationship between trade and export sophistication 

for entire European Union. It has been already proved that quality can enhance trade 

for various individual countries, for example in Anderton (1999) or Schott (2008). 

This thesis effort is to verify that quality is significantly important for trade volume 

for EU as a whole. The obtained results should help in decision making of EU 

representatives in international trade’s matters as well as in domestic affairs because 

it will be revealed whether higher quality can improve EU trade attractiveness. 

Moreover, the research is conducted in various specifications, to control for possible 

determinants and outliers. Based on these specific estimations, potential differences 

in export sophistication over EU is depicted and sectors and countries in special need 

could receive additional attention of policy makers. Industry level estimation is 
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designed to reveal the most dependent sectors on quality. Curzi & Olper (2012) 

already stressed the need for higher sophistication level in food industry and Brooks 

(2006) confirmed the same relationship in manufactures. Further, estimation for old 

and new EU members orients on dissimilarities between European countries. 

Benkovskis & Rimgailaite (2010) observed that new members climbed up the quality 

ladder and were encouraged to produce higher variety of goods after accession to EU, 

but no comparison with development of old EU members was provided.  

Furthermore, this thesis employs the most recent progresses in quality measurements 

and in the estimation procedure. The newly developed quality index proposed by 

Henn et. al. (2013) is used in quality-trade relationship evaluation. Moreover, the 

correct and unbiased technique for assessing impact of policy variables, the two step 

gravity model of international trade estimation method, is applied in this thesis. By 

using these modern instruments, thesis ensures to be innovative, up-to-date and as 

much accurate as possible. 

The thesis is organized as follows: The first two chapters provide overall 

investigation of European trade. It describes theoretic background for the question 

why countries trade with each other and why trade is beneficial. The position of 

Europe at international market is shown. The third chapter orients on literature review 

of export sophistication. Next, the quality of European products is measured, using 

various indicators, namely quality index, unit value, market share index or product 

penetration. The second section, chapter 5, introduces gravity model of international 

trade for evaluation of sophistication. It points out the development of gravity model 

and emphasizes the consistent estimation procedure for policy-based factors as 

quality is. The last section gives the results on sophistication of exports. Chapter 6 

depicts whether and how quality influences trade within EU. It shows the overall 

quality impact within European Union and points out how sophistication changes 

across industries, regions or time. Chapter 7 propose further possible research in 

terms of sophistication of exports. Finally, chapter 8 concludes. 
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2. International trade 

 

International trade is one of the most important activities of each country. It has 

several positive consequences for country’s development. For example, speedy 

growth in international trade during 1963-1979 was interlinked with global rise of 

gross domestic product value by Markusen, Melvin, Kaempfer, & Maskus (1995). 

Trade enables countries to be richer and increase living conditions of people. 

National customers gain access to more variable products and country find new 

market for offered goods.  

The decision what goods country will export and what products it will import is 

partially given by country initial conditions and endowments, the other relevant 

factor is economy of scale or quality of products. Different countries trade with 

different bundle of goods, depending on country endowment of basic production 

factors. These factors affect specialization of trade unit. Country concentrates on 

production based on land, labor or capital inputs and on mix of these inputs. High 

endowment of land leads region to be specialized at food production. Moreover, food 

production does not require high-skilled workers.  Sufficiency of natural resources 

such as gas, minerals or oil also predetermines country specialization. Labor 

abundant countries focus mainly on manufactory production. The example of such 

country is China, which excels in textile manufacturing. Machinery is an industry 

typical for high capital endowed country. The specialization affects also the products 

which are exported as country exports goods which excess domestic demand. It is 

hard to extensively change country’s production basket due to this. 

Not just what products country export, but also quality of these products play crucial 

role for trade and gain of new customers. Quality can even predetermine products 

exported. Furthermore, first class quality product ensures public well-known mark for 

exporting country. For example, Belgium is famous for its first-rate chocolate, 

Switzerland for watches and France for luxury cosmetics. Country benefits from such 

advantages. Aiginger (2000) investigated that export of higher quality goods lead to 

higher competitivenss of country. Curzi & Olper (2012) support idea that trade 
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between partners is more intensify if higher quality products are exported to richer 

nations. Moreover, Córcoles, Díaz-Mora, & Gandoy (2014) support the importance 

of sophistication and state that business relationship is more probable to last if 

country trades with high quality products. 

Set of exported products can even help country with development. Hausmann, Jason, 

& Rodrik (2006) conduct a research on linkage between specilazation and economic 

growth. They argued that specialization in goods exported by rich countries affect 

economic growth. Goods exported by rich countries are more sophisticated than other 

as they are of higher quality. If country focus on exporting more sophisticated 

products it should grow faster. 

 

2.1. Theories standing behind international trade 

 

This part of the thesis focuses on theories of international trade and try to catch the 

development and evolution of these theories in time. It wants to depict that the 

importance of quality was disregarded in the first theories of international trade, but it 

begins to attract more and more attention of researchers lately.  

It starts with basic models such are Ricardian comparative theory and the Heckscher 

and Ohlin models which answers the question what should country export, based 

mainly on initial endowments of country. Later, it was shown that initial endowments 

are not enough to explain export bundle of country and there are other factors which 

affects what is sold out to abroad. New trade theory proposed alternative reasons on 

what country should export. Krugman (1979) argues that country can benefit from 

trade even if it cooperates with very similar endowed partner due to economies of 

scale and imperfect competition. Recent studies showed that quality is another factor 

that should be added to theoretical model of international trade as it has an impact on 

what country can export and on profit from international trade (Hausmann et al. 

2006). 
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The Ricardo’s comparative advantage explains the basics of international trade. It 

describes why trade should occur even if one partner has total advantage and is more 

efficient than the other. Country has a comparative advantage in given product if it 

can be produced locally with lower costs than anywhere else (in terms of labor 

productivity). Each country is endowed with given comparative advantages which 

depend on country’s geographic location or factor endowment or specific production 

technique. Countries gain from international trade if they specialize in product in 

which they hold comparative advantage. Profit is also made even when country can 

produce imported goods cheaply itself compared to other country, because it receives 

higher return on exported goods which carry higher comparative advantage. Buying 

goods internationally by exporting products with comparative advantage can be 

called indirect method of production. Moreover, the world social welfare can be 

increased as production is effective worldwide. 

However Ricardo’s comparative advantage model explains motives for trade 

understandable, it has limitations. There is no countries with tight specialization as is 

proposed by the model. The model ignores the initial differences in endowments 

between countries which are one of the major reasons for trade. Lastly, it is difficult 

to use the model to explain big traded volume between very similar partners. 

Nevertheless, the model was confirmed empirically in many studies, for example 

Balassa (1963) and MacDoughall (1952). It is very important to have in mind that 

Ricardo’s model is based on comparative advantage, not on absolute advantage 

among countries. Further, the comparative advantage should be modeled by relative 

demand for labor to depict relative wages (and therefore the differences among 

countries) rather than demand for goods (Krugman and Obstfeld, 2003). 

The Ricardo’s model predict that when international trade occurs, all inhabitants 

should be better off. The distribution of income did not change after trading, but 

welfare rose. This idea is misleading and difficult to justify in reality. The different 

industries need different inputs for production so not all individuals can expect 

increase of their fortune. So the Ricardian model is insufficient and some other 

features must be added to it.  
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The model which deepens Ricardo’s idea and highlights the magnitude of country 

resources is Heckscher-Ohlin model. It determines whole basket of goods which 

should be exported and imported to given country. Endowment of production factors 

as well as technology level of production are essential this model. 

Labor, land and capital are the necessity factors which determine what would 

territory produce. These factors are limited, each country owns different initial 

amount them. Countries have to be compared to others to recognize whether the 

amount of owned production factors are scarce or abundant. Each group of goods 

requires different mixture of these endowment factors to be produced or 

manufactured. Heckscher-Ohlin model suggest country should focus on production 

which needs sufficient factor’s inputs and import products which require scarce factor 

intensity. Thus, populous country should specialize in labor-intensive industry and 

export goods need a lot of labor input. On the contrary, if fertile land is rare factor in 

country, food and other products dependent on land use should be imported. Due to 

different endowments between countries, one can see various production 

specializations according to Heckscher-Ohlin model. 

Technology required for specific production should be added to Heckscher-Ohlin 

model. Each country reached its own level of technological development. Knowledge 

can serve as another production factor. The more advanced technology country has, 

the higher advantage it has over other nations.  

Heckscher-Ohlin model predicts that trade have effect on distribution on incomes, 

just as specific factor model. The possessor of abundant factors gains, but owners of 

scarce factor suffers. Trade removes the premium of higher price of scarce factors. 

Even though these theories provide good explanation on what country exports, they 

are not able to cover all features that leads to international trade. It does not explicate 

why there is high proportion of intra industry trade or why very similar countries 

trade with each other. The New trade theory appearing in 1970s propose fresh model 

to explain international business partnership. Moreover, none of them deals with 

differences in product characteristics, such is quality, which affect exports too. 
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Economies of scale is the most important factor in New trade theory. Country can 

specialize in goods which can be produced with lower cost in larger amount. As the 

economy of scale is independent on initial endowments of country, it provides 

explanation why similar countries trade. The specialization in goods with attained 

economy of scale gives country an advantage in international trade, because it can 

produce more goods with lower costs. However, this specialization diminish the 

variety of products in given country and therefore it is beneficial to involve at 

international market. 

Recently, it was discovered that quality is also an important factor influencing what 

country should export. Hausmann et al. (2006) states that sophistication level of 

products affects the destination of exports. The higher quality of products is offered 

the higher is the chance to sell them to rich nation and earn extra profit. This opens a 

possibility to design brand new theory of international trade in which quality is one of 

the factors with major importance. 

 

2.2. General analysis of EU international trade 
 

Previous section describes basic international trade theories, this section analyses 

whether international trade really follows the models’ predictions. Brief analysis of 

European production and its trading decision to see whether theory background is 

accomplished in real life. The position of EU among other partners and geographical 

areas in world international trade is shown to uncover its strength and its distinctive 

endowment characteristics. 

European Union is the leading partner in world international trade. It is the major 

exporter of goods and second largest importer behind United States. The volume of 

traded goods of EU on international market is increasing over time. The exception 

was year 2009. This year was the only one in ten years horizon in which volume of 

goods traded on international market did not increased compared to previous year. 

Such situation was caused by financial crisis in Europe. The amount traded by EU in 

2012 covered as much as 1683 million of euro. It is almost twice bigger than amount 
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which was exported in 2002. This amount represents 15.6% of total good exported in 

2012.  

There are only two other states which traded more than ten percent of total export. 

These are United States (11.1%) and China (14.7%). Similar situation is true for 

goods imported with a different position of main players. United States replaced EU 

and became a leader with 16.2%. EU is closely following with 16.1% and China 

covers 12.6%. Japan, South Korea, India and Russia are other countries that complete 

the list of the countries which influence the world trade most. The biggest 

competitors for EU are China and United States, but rising power of developing 

Asian countries (India, South Korea) should not be undervalued in long time horizon 

and they should be included among world major trade partners. Even though the 

volume of traded products to and from EU is still increasing, percentage share of 

world trade market is decreasing due to strengthen growth of emerging countries such 

are China or India. Between years 2002 and 2012 EU lost 2.9% of world trade. On 

the contrary, in the same time period, international trade of China rose by 6.3%. It is 

clear that if EU wants to remain to be one of the most important trading partners and 

keep significant part of international trade, it has to focus on the strongest part of 

exported goods.  

The main trading partners for EU are the other countries from the top traders (China 

and United States) and the rest of Europe. EU exports about 15.5% of total products 

to Switzerland, Norway and Turkey and imported around 15% of its total imports 

from the same countries. European countries trade most with themselves. 

World areas can be separated easily according to their endowment based on 

geographical location or historical development. Table 2.1 depicts the relative 

endowment in fundamental resources in 2010. GDP per capita measured in 

purchasing power parity is used as a proxy for capital endowment. Following this 

distribution, European Union is capital and labor abundant region. Its capital 

possession is more than 2.5 higher than world average and it owns 20% more 

agricultural land than world average. Scarce factor for EU is the number of 

population in working force as it is only 8% of world total population. Even though 

labor force is scarce factor for EU, the quality degree of available force is high. The 
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effect of human capital should not be neglected as it is important supplement to 

physical capital in many models of development, for example in Solow model. 

Table 2.1: Relative endowments of land, labor and capital for chosen regions 

  

Agricultur. 

Land Labour force GDP p.c. 

World 38% 3 184 328 030 12 591 

East Asia & Pacific 49% 1 203 811 732 11 266 

Latin America & Caribbean 37% 281 922 745 13 064 

North America 26% 176 370 704 47 438 

OECD members 35% 602 751 311 34 325 

South Asia 55% 629 904 390 4 218 

European Union 45% 244 754 615 31 972 

Data source: WB. Agricultural land is measured in percentage of land area of region. Labor force 

volume indicates number of available works in given region. GDP is measured in per capita terms, 

using PPP index. 

European citizens are very well educated. Skill based products therefore should 

belong to export bundle of European countries. There are just 8% of people who do 

not participate in secondary education. Moreover, 62% of population enters into 

tertiary education level. This value account for double of the world average as is 

shown in table 2.2. Products requiring mix of skill and capital based inputs should be 

major part of EU’s export bundle. 

European Union should specialize in production requiring high amount of capital, 

skilled workers and agricultural land according to endowment-based models. Goods 

requiring high labor force inputs should be imported. Therefore food production 

which needs plenty of surfaces and machinery sector which relies at skilled rather 

than numerous working force and high capital levels are the right production sectors 

for EU.  
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Table 2.2: Education enrolment for chosen regions 

 

school enrolment in % 

  primary secondary tertiary 

World 89.0 62.4 29.6 

East Asia & Pacific 95.0 71.9 29.1 

Latin America & Caribbean 94.0 75.7 41.2 

North America 95.0 89.3 91.4 

OECD members 97.2 88.2 68.1 

South Asia 88.6 50.1 15.7 

European Union 97.6 92.1 62.9 

Data source: WB 

Figure 1 represents distribution of EU28 exports outside EU by products groups. 

Exports of product groups are reported according to Standard International Trade 

Classification with one figure (SITC-1). EU export is based on few main industries. 

Machinery plays the crucial role. Almost 42% of products exported and 25% of 

imported goods belong to category machinery and other transport equipment. These 

products are exported mainly from Germany, United Kingdom, France and Italy. 

Therefore it is not surprising that machinery is the most common exported good as it 

is exported by largest and most economical developed countries. Next important 

exported products belong to category chemicals (22% of total exports) and other 

manufactured goods (16%). Food and drink do not represent as important role as was 

expected in the previous section in this paper. Agricultural based production account 

for only 6% of total exported products. This can be due to cheaper food elsewhere in 

the world or higher opportunity cost of food production. 
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Figure 2.1: EU 28 exports by product group 

 

The most imported products are mineral fuels and lubricants (30% of total imports in 

2013), machinery and other transport equipment (26%) and other manufactures 

products (23%). This suggests a high intra-industry trading in machinery sector. Food 

represents just 6% of total imports in 2013. This means that EU exports as much food 

as it imports. Hence, EU food production is big enough but it is not as valuable 

exporting article as for example machinery products are. 

The data reveals that EU aim its exports on machinery, other manufactured goods and 

chemicals. Machinery is the biggest sector for exporting products which is consistent 

with the endowment-based model. The high abundance in skilled workers and capital 

lead country to machinery production. On the other hand, food industry did not 

account for as big share as was expected. Even though Europe has more land than 

other partners in trade, it do not specialize deeply on production in this sector. 
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Furthermore, manufactured goods also achieved big portion of total exports which is 

in contradiction to theory. As Europe is not extensively endowed with labor force, 

manufactured products are not predicted by the endowment-based theory to attain a 

big share.  

Endowments are not enough to describe the export bundle of the EU. Therefore, New 

trade theory should be applied to explain all specialization impacts. And especially 

quality is believed to have a huge force on composition of exported product in order 

to achieve higher profit. 

 

 

3. Literature review 
 

Quality of exported products can affect country performance as well as does the 

structure of exported goods. In last 20 years, researchers started to pay more attention 

to quality as an important determinant of export destination and gain from 

international trade, especially in empirics. This part of thesis present academic papers 

dealing with export sophistication and it shows the motivation of this thesis as well as 

its incorporation into previous research. 

Hallak (2003, 2006) presented an innovative approach to assessing profits of 

international trade based on export sophistication level. He showed that higher 

quality products are delivered to richer nations. His view was empirically confirmed 

on data for 60 countries in year 1995. Further, Hausmann et. al. (2006) provide 

another support for quality importance. They showed that more sophisticated goods 

help country to promote economic growth. 

The most research on sophistication effect is aimed at Chinese exports. China 

reported fast economic growth recently and is one of the major exporters in the 

world. Researchers try to find the reasons why such a miracle growth happen and 

what was the main driving factors of this change. Schott (2008) or Jarreau & Poncet 
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(2011), Kneller & Yu (2008) are examples of such research. They investigated that 

quality of Chinese products is increasing and this leads to faster economic growth as 

well as ability to find new sales market and become stronger in international 

competition. 

Part of research on export sophistication was carried on firm level. Manova & Zhang 

(2009) examined Chinese firms to assess quality importance for export. Baastos & 

Silva (2010) provides evaluation of Portuguese firm level data to show that quality 

requirements rise with the distance and wealth of destination. Curzi & Olper (2012) 

come to similar conclusion for Italian food firms, the higher quality ladder enables 

firms to export their good farther and to richer nations. 

Another study of exported products’ quality concentrates on single countries. 

Kellman & Shachmurove (2012) focused on sophistication level in Poland, Anderton 

(1999) aimed at Germany and the UK, Fischer (2010) analysed five European 

countries in order to find connection between quality characteristics and export 

performance. He was able to confirm that sophistication can positively affect volume 

of exports however the size of the effect changes with different types of products and 

features of destination. Therefore the evaluation of export sophistication should be 

carried out for whole country as well as for particular industry (or products) to 

control for variations between sectors (or goods).  

This thesis extends the previous researches. It focuses on the whole EU region to 

assess the effect of quality on exports. Even though the linkages between exported 

amounts and quality were evaluated for China or for single countries, the complete 

analysis of this effect at European market have not been completed previously to 

author’s knowledge. Benkovskis & Rimgailaite (2010) covers the export 

sophistication for new EU member states, but it does not include comparison with old 

EU members or European union as a whole. Moreover, the newly developed index of 

quality believed to capture quality characteristic well and two stage gravity model 

estimation technique are used to provide the best possible  assessment of export 

sophistication effect. 
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Another point is the quality of exported goods and its difficulty of measurement. The 

measurement is uneasy due to various approaches to quality which defined it in their 

way. The high quality product can be viewed as the best product in given category, 

the one which has the biggest value, the one which meets all particular criteria or the 

one which satisfies the consumer the most (Fischer 2010). This section overviews 

quality indicators that have been frequently employed in research as well as brand 

new indicator of sophistication, which is used in this thesis, the quality index. 

Unit value is the most popular measure of quality. It is gained as the proportion of 

total value of imports of examined product in currency to exports of this product in 

weight for given country. Higher unit value indicates better quality of product as 

purchaser is willing to pay higher price for the same product. The main advantage 

and probably the reason why unit values are so widely used is its simple calculation 

and easy availability of necessary data. Moreover, data can be used on any level of 

details, which is needed. Product level analysis can be carried out with firm or with 

industry level data.  

Linkage between unit values and economic performance of country has been deeply 

studied. Relationship between unit values and size of the market, wealth of importing 

county and productivity of firms was identified. Unit values rise with the size of 

importing country and richer nations imports higher quality products (Manova & 

Zhang, 2009), (Curzi & Olper, 2012). Further, more productive firms export high 

quality good in higher price and higher volumes (Baastos & Silva, 2010). 

Unit value’s problem is that higher value could either depict better quality or higher 

expenses paid for product. Moreover, comparison of wide ranges of countries can be 

problematic. Different regions calculate statistic data non-uniformly. These 

distinctions cause biases in research. Due to problems with reliability of unit values, 

researchers developed a couple of new measures of product quality.  

Lall, Weiss & Zhang (2005) invented new measure for traded goods – sophistication 

index (SI). The unusual term sophistication indicates whether exported product is 

delivered to high average income country. The richer income of partner country the 

higher score of sophistication index is obtained.  The main advantage of this measure 
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is that only data on exports of given product and income per capita for observed 

countries are necessary. Technology is essential fundamental factor of sophistication 

index. But a lot of other factors such is marketing, logistics, fragment ability, 

information, natural resources and infrastructure are also covered. All these features 

affect location of exported products and therefore the sophistication index too. The 

major disadvantage of sophistication index is its interpretation. Researchers have to 

be careful to correctly explain obtained results, because many features affect final 

value of sophistication index. Computation of index can be carried out on country, 

industry or product level. Lall, Weiss & Zhang (2005) computed export 

sophistication indexes for 30 selected countries. Germany, Ireland and UK were also 

chosen in their study. All of them fall into first fifth countries with highest SI. 

Leading regions are United States and Japan. Even though European countries 

represent sophisticated countries, levels of SI are decreasing for these countries over 

time. Fall of SI duplicates the loss of market share of world trade. This is caused by 

boost of “young” Asian countries and their growing influence on world market. 

Thailand, Taiwan, Korea and Malaysia are countries which exceeded predicted 

values for them in ten years’ time horizon.  

Sophistication for different product groups at four digit level is also computed by 

Lall, Weiss & Zhang (2005). Value of sophistication varies within one industry and 

the highest value of sophistication is not concentrated just in one category. Mixture of 

various goods is within top 20 products. Nevertheless, machinery goods (which are 

exported heavily by EU member states) are the most common products between the 

most sophisticated products. Most of top 20 products required advanced technology 

procedures therefore they can be classified as high technology products. Military 

material, medical stuff or special engineering equipment belongs to these products. 

On the contrary, raw materials represent the least sophisticated products. Exotic items 

like raw silk or palm nuts reached very low score of sophistication. Majority of least 

sophisticated product are dependent on tropical weather growing and therefore they 

are part of exported products from less developed nations situated in tropical area. 

Hausmann, Jason & Rodrik (2006) agreed with Lall, Weiss and Zhang (2005) that 

traded goods are closely linked to wealth of countries. They argued that countries 
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which specialize in good exported to richer nations should expect faster economic 

growth than countries which do not specialize in these types of goods. This can also 

help to understand why final basket of goods which country exports does not have to 

be the same as goods for which country is endowed for. Specialization in 

sophisticated goods boost national economy and therefore their production and trade 

with them are favourable and can be preferred to other items.  

Hausmann, Jason & Rodrik (2006) conducted a research on productivity level 

associated with exported products of a country in order to find relevant rank of 

country specialization. They developed index called PRODY, the productivity level 

linked to product and index EXPY which demonstrate level of country specialization. 

They come to similar findings as Lall, Weiss and Zhang (2005). The highest value of 

PRODY index was identified for class 7 and 5 of SIT classification – machinery and 

chemicals. The lowest value of PRODY index was measured for products from food 

category and others (SITC 1 and 9). 

Higher export sophistication definitely affects economic growth. Hausmann, Jason & 

Rodrik (2006) were able to show that countries with higher EXPY index show faster 

economic growth and they have higher GDP per capita. They discovered that 10% 

increase in EXPY can promote growth by 0.5 – 0.2 percentage points. Therefore the 

incentive for countries to specialize in products with higher PRODY is not negligible 

due to corresponding higher growth. Country should encourage trade and production 

of goods with high PRODY and adjust its policies to help inhabitants to do business 

in selected area.  

The most recently developed measure of sophistication is the quality index. The 

quality index was evolved by Henn et. al. (2013). They based their new measure on 

unit values, but they enlarged it. They proposed new index which control for three 

more variabilities between products and countries. They added unobserved quality 

features. Next, they incorporated differences in production costs linked to income of 

the country. This can differentiate between developed with high amount of capital 

which can focus on production using capital intensively and developing countries 

whcih are more concentrated on labor- and land-intensive production. Lastly, 

selection bias originated from transaction costs is included in the estimation of 
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quality index. The quality index obtains values in the range between 0 to 1.2 (IMF). 

The higher the value, the higher quality is the product. Thanks to this additions to unit 

value, quality index represents the unique measure explaining sophistication of 

products well. The quality index is used in the estimation section of this thesis as it is 

believed to be one of the most accurate indicators of quality.  

The next chapter further develops issue of quality indicators for European Union. The 

vaious indicators of export sophistication are computed to show overall quality level 

in EU and its development over time. Further, the deeper evaluation of quality in 

machinery sector is conducted to see quality development of the most traded and 

influential industry in EU. 

 

 

4. EU’s quality of exported 

products  

 

This section focuses on assessing quality of EU’s exported goods. To start with, basic 

analysis of EU’s international trade is carried out. It should help reader to understand 

specifics of EU’s export and to be well oriented in position of EU on international 

market. Main EU’s trading partners are identified as well as decomposition of EU’s 

export according to industry specification. Second part of this chapter focuses on 

quality of exported products. Several indices on quality are applied to depict export 

sophistication in the most important industry sector for international trade, 

machinery. Variety of member countries of EU is controlled for and differences in 

quality among countries revealed. 

The values on quality index for EU countries is shown in table 4.1. It can be seen that 

index is mainly continuously upgrading. European countries focuses more on quality 

recently and they record higher quality index. However there are some exceptions, 
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Italy and Portugal are examples of countries whose quality index moved down. This 

decrease can indicate possible problems. 

The difference between new and old member countries is well-marked. Almost all 

old members achieved quality index higher than 1. On the contrary, none of new 

members exceeds such value. Luxembourg has the most sophisticated products, the 

quality index was the highest in 2013. Bulgaria stands on the other side of quality 

index value.  

Table 4.1: Quality Index for old and new EU member countries 

old MS new MS 

  2002 2013   2002 2013 

Belgium 1.00495 1.03259 Malta 0.99292 0.97914 

Netherlands 1.02596 1.04159 Cyprus 0.96008 0.95147 

Luxembourg 1.07514 1.10306 Estonia 0.90727 0.95545 

France 0.99360 0.99416 Latvia 0.88954 0.92011 

Italy 1.00132 0.99499 Lithuania 0.89872 0.93508 

Germany 1.00493 1.01065 Poland 0.92036 0.94984 

Ireland 1.01856 1.02680 Czech Republic 0.95236 0.97909 

United Kingdom 0.98608 0.99958 Slovakia 0.93896 0.97435 

Denmark 1.00343 1.00342 Slovenia 0.97111 0.99740 

Greece  0.97391 0.98838 Hungary 0.94201 0.95955 

Spain 0.98893 0.98762 Bulgaria 0.87270 0.91745 

Portugal 0.96900 0.96718 Romania 0.87349 0.91588 

Austria 1.01078 1.02115 Croatia 0.93915 0.96739 

Sweden 1.00418 1.01560 

   Finland 1.00023 1.00538 

   Data Source: IMF 

The growth potential is higher for new member countries, most of them increased the 

quality index significantly. The new EU countries improved the quality index by 

0.026 points on average in last ten years. That it 3 times faster development than what 

was recorded by old EU countries, their average growth is 0.009 points in previous 

ten years. The compounded average growth potential of quality index is 0.0176 for 

the whole EU area. 
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Table 4.2: Quality index over the world 

  2002 2013 

EU 0.96856 0.98551 

China 0.85911 0.93833 

Japan 1.02948 1.01887 

Russia 0.79552 0.85079 

USA 1.03777 1.02942 
Data source: IMF 

The aggregated quality index representing the whole EU area is 0.98551 in year 

2013. Compared with situation 10 years ago, the index rose by 1.75%. Europe stands 

behind other economic superpowers, it shows lower quality index than Japan or USA. 

Therefore the European area should not stop focusing on quality rising in order to 

compete with these nations. China and Russia obtained lower level of quality index 

than EU however the index is increasing significantly in recent years and has the 

biggest growth potential among discussed countries, the index rose in last 10 years 

approximately by 7% for Russian production and by 10% for Chinese productions 

resulting in miracle quality upgrading in these nations. 

 

4.1 Export prices 
 

Various measures of product quality and their application to EU exports are discussed 

in this part of the thesis. Traditional unit value indicator is compared with recently 

developed new indices of export sophistication. General analysis is executed on data 

for international trade obtained from Eurostat database. Results are separated 

according to 9 SITC classes which represents industry level data (SITC 1). Category 

Commodities and transactions not classified elsewhere is left out of investigation due 

to special character and problematic description of these items. Time period from 

2002 to 2013 is covered due to limited data accessibility before euro currency 

circulation. Even though this time period is rather short, it still serve well for 

knowledge about values and growing or decreasing tendency of indicators of product 

quality. All 28 member countries of European Union are included in analysis as well 

as more detailed values for Eurozone or selected countries. 
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Unit values are the most common proxy for quality of traded products. It is computed 

as ratio of total import value in given currency to overall volume of exported product 

in weight. In this paper, unit value is defined by equation 4.1. 

 
𝑢𝑝𝑐 =

𝑉𝑝𝑐

𝑄𝑝𝑐
 

(4.1) 

 

where 𝑉𝑝𝑐 denotes total value of export of product p from country c in ECU and 𝑄𝑝𝑐 

represents overall amount of export of product p in 100 kilograms. 

Table 4.3: EU 28, Unit values for various industries 

EU 28, SITC-1 2002 2005 2007 2009 2011 2013 

Food 106,90 113,67 155,68 122,84 133,23 111,23 

Beverages and tobacco 91,95 73,84 69,31 72,76 66,97 68,63 

Raw material 67,28 65,26 82,80 49,41 77,74 67,69 

Mineral fuels 126,02 201,66 214,45 190,32 311,88 267,15 

Animal and vegetable oil 123,75 211,07 333,48 286,25 348,39 268,26 

Chemicals 172,24 164,70 190,97 185,38 228,16 228,11 

Manufactured goods 118,07 125,51 187,68 122,56 170,28 132,39 

Machinery 1143,74 1084,14 1003,66 1072,45 1021,71 960,12 

Miscellaneous products 2028,00 2090,32 2248,98 2544,26 2595,93 2358,95 

Notes: own calculations. Data source: Eurostat 

Table 4.3 reports unit values in EU 28 for industry groups. It is complicated to 

describe whether quality increases over time due to financial crisis which influenced 

euro values in year 2009 and afterwards. But there are some substantial changes in 

unit values for mineral fuels (SITC_3) and animal and vegetable oil (SITC_4). Both 

industries became more sophisticated over time. Over ten years period, unit values 

doubled prooving increasing quality of SITC_3 and SITC_4 products. Possible  

sophistication of other industries’s products is disputable, because it is disputable 

whether lower prices indicate lower quality or euro crisis. Study on product level is 

necessary for better analysis of export sophistciation.  
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Unit values are significantly different across industries. Figures are moving in range 

between 65 and 2600 unit value. EU reaches the highest unit values in machinery and 

miscellaneous manufactured articles industries (SITC_7 and _8). The lowest unit 

values were reached for raw materials and beverages and tobacco (SITC_2 and _1).  

 

4.2. Machinery sophistication of new and old EU 
member countries 

 

European Union combines a very varied countries. Members states have diverse 

factor endowments and their approach to international trade differs. Therefore 

european area is distinguished into two parts for analysis of unit values across EU. 

One group includes countries which are part of European Union for more than 15 

years. This unit would be reffered as old member countries of EU. Second group is 

constucted from countries which enter into EU recetly. Big vawe of enlargement 

countries in 2004 is contained here as well as later accessions. This later group is 

reffered to as new member countries of EU.  

Division into two groups of member countries, the old and the new ones,  leads to 

more accurant analysis, because presence of diferences among old and new member 

countries. The variety across member countires is wide. Benkovskis and Rimgailaite 

(2010) argue that new member states show lower export quality than old EU 

countries. Aiginger (2000) demonstrated that EU countries reached very different unit 

values due to dissimilar specialization and diverse quality of products. 

Machinery sector is examined in detail due to its exceptional status in European 

export. It is the major component of international trade, therefore it deserves special 

attention. Products with free digits in SITC are used to study machinery industry. 

Table 4.4 shows products with top 5 unit values in machinery. These top rated 

products do not come from single sector of machinery industry. They refer to various 

sectors: transport equipment, electical machinery or power generating machinery. 

The first-rate quality is assigned to aircraft and associated equipment as its unit value 

reached the highest unit value: 82 769. Nonelectric engine and motors, 
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electrodiagnostic appratus for medical purposes, telecomunnication equipment, 

automatic data-procesing machines and photo catodes belong to products with unit 

value above 10 000 and thus can be qualified as first rate quality goods. 

Table 4.4: Highest unit values in machinery sector in 2012 

 
old MS   new MS 

 
Products unit value   Products unit value 

1 
Aircraft and associated 

equipment 
82 769 1 

Aircraft and associated 

equipment 
26 606 

2 
Engines and motors, 

non-electric 
25 424 2 

Thermionic, cold 

cathode or photo-cathode 

valves and tubes 

20 975 

3 
Telecommunications 

equipment 
13 426 3 

Engines and motors, 

non-electric 
18 772 

4 

Electro diagnostic 

apparatus for medical 

purpose 

12 063 4 

 Automatic data-

processing machines and 

units  

10 082 

5 

Thermionic, cold 

cathode or photo-cathode 

valves and tubes 

11 865 5 

Electro diagnostic 

apparatus for medical 

purpose 

10 014 

Notes: own calculations. Data source: Eurostat 

Difference between old and new member countries is significant even from table 4.4. 

Unit values for goods produced in new member states account for 69% of old MS 

figures on average. Considered the most noticeable difference, old MS gain 82 769 

unit value for aircraft equiment whereas new MS obtain only 26 606 unit value.  

Even though the unit values are growing over time (considered examined time period 

2002 – 2013), new MS are very slow in catching up old MS. Only 2%  growth of unit 

values over 10 years period  was recoreded for new MS in their way to become more 

equal with old MS.  

Lower unit values of new MS probably symbolize reduced quality in new EU 

member countries compared to old MS. But these values can even symbolize distinct 
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different level of country development or locating country’s specialization in other 

types of products. Comprasion of export bundle of new and old MS reveals whether 

new MS are behind quality standards of old countries in real terms. 

Similarity between old and new countries in machinery industry exports is measured 

by industry share index (ISI, depicted in equation 4.2). This index is inspired by 

market share index (MSI). MSI is defined as total amount of exports in EU region 

over exports from individual member country. Increasing value of market share index 

denotes growing spohistication across products. ISI is rearanged to measure industry 

similarity instead of market similarity. Data on single industry products, machinery 

products, are emploeyd in calculation. 

 
𝐼𝑆𝐼𝑟 =

∑ 𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑐𝑐∈𝑟

∑ 𝑒𝑥𝑝𝑜𝑟𝑡𝑠𝑐𝑐
 

(4.2) 

 

where c represents indiviual country and r stands for EU region. For puprose of this 

paper, the computation is pointed at machinery industry. 

Table 4.5 shows division of machinery export across memeber countries of EU. New 

MS export minor part of total machinery products exported. Slightly above 9% of 

total machinery goods was exported by new MS in 2013. On the other hand, 

similarity across countries is growing, MSI rise by 6% over 10 years. Poland and 

Czech Republic are major contributors to this change as their export in machinery 

increased by more than 1% of total machinery export from EU. Altogether they 

represent 4,4% of total exported machinery from EU in 2013. Such development 

denotes that new MS are slowly closing the gap between them and old MS. As new 

MS represents smaller part of EU area, 1% development is real success. Regarding 

old MS, some countries loss on share of total machinery export. Such change was 

neccessary for new MS to achieve higher share in machinery industry exports. These 

are France, Ireland, United Kingdom and Sweden. The major exporter of machinery 

is Germany, showing portion 38% of all exported machinery goods. 
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Table 4.5: MSI of machinery industry by member countries 

old MS new MS 

  2002 2013   2002 2013 

Belgium 2,93% 2,92% Malta 0,11% 0,11% 

Netherlands 4,48% 5,78% Cyprus 0,02% 0,02% 

Luxembourg 0,12% 0,20% Estonia 0,03% 0,16% 

France 14,81% 10,40% Latvia 0,02% 0,12% 

Italy 10,07% 9,64% Lithuania 0,19% 0,41% 

Germany 35,31% 37,88% Poland 0,68% 2,38% 

Ireland 2,58% 0,60% Czech Republic 0,72% 2,00% 

United Kingdom 12,44% 10,78% Slovakia 0,15% 1,18% 

Denmark 1,49% 1,18% Slovenia 0,17% 0,29% 

Greece  0,16% 0,13% Hungary 0,62% 1,44% 

Spain 2,65% 3,87% Bulgaria 0,08% 0,16% 

Portugal 0,40% 0,46% Romania 0,21% 0,78% 

Austria 2,18% 2,35% Croatia 0,14% 0,12% 

Sweden 4,64% 3,38%   

  Finland 2,48% 1,26%   

  total 96,75% 90,83% total 3,15% 9,17% 

Notes: own calculations. Data source: Eurostat 

Although portion of new MS of total EU machinery export is small, this does not 

mean that new and old countries specialize in different goods in export. To be able to 

compare export bundle of country groups, product penetration is calculated. The level 

of similarity is computed on the product level data. Full product penetration (100%) 

is reached if country export every product to its trading partner (all product 

categories).  

Product penetration by EU member states is reported in table 4.6. Two time periods, 

2002 and 2013 are considered for analysis to assess possible improvements of index. 

Both old MS and new MS showed high value of product penetration. Therefore both 

counries export a wide variety of machinery products. The score for old MS is 



25 

 

 

 

98.69% and new MS reached 97.29% in 2013 on average. Most of countries export 

all machinery products specified by SITC3, except for good 700, complete industrial 

plant, appropriate to sector 7. This results in their product penetration score 98.04%. 

Ten countries out of EU 28 member states trade with all machinery products. 

 

Table 4.6: Product penetration for machinery industry 

old MS new MS 

  2002 2013   2002 2013 

Belgium 98,04% 100,00% Malta 88,24% 88,24% 

Netherlands 98,04% 100,00% Cyprus 94,12% 94,12% 

Luxembourg 96,08% 94,12% Estonia 98,04% 98,04% 

France 100,00% 100,00% Latvia 96,08% 98,04% 

Italy 98,04% 100,00% Lithuania 98,04% 98,04% 

Germany 100,00% 100,00% Poland 98,04% 98,04% 

Ireland 98,04% 100,00% Czech Republic 98,04% 98,04% 

United Kingdom 98,04% 98,04% Slovakia 96,08% 100,00% 

Denmark 98,04% 98,04% Slovenia 98,04% 98,04% 

Greece  98,04% 96,08% Hungary 98,04% 98,04% 

Spain 100,00% 98,04% Bulgaria 98,04% 100,00% 

Portugal 98,04% 98,04% Romania 98,04% 98,04% 

Austria 100,00% 98,04% Croatia 98,04% 98,04% 

Sweden 98,04% 100,00% 

   Finland 98,04% 100,00% 

   total 98,43% 98,69% total 96,68% 97,29% 

Notes: own calculation Data source: Eurostat 

Ten years is quite short time for development of product penetration, unluckily, 

longer time period examination is not possible due to lack of data avialability. 

Moreover, European countries have small opportunity for imporvement as there is 

ususaly just product 700, complete industrial plant, which is not traded. All new MS 

countries stagnate in their value of product penetration but Slovakia and Hungaria 
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which reached 100% as the only new MS. Single state whose index worsen is 

Luxembourgh, but no severe decline is recorded. 

 

 

5. Gravity model of international 

trade 

 

This chapter focuses on estimation tool, the gravity model of international trade. 

Firstly, theoretic background of model is provided. Then it is stressed which method 

is correct for evaluation of policy based effects on trade. Lastly, the dataset and 

estimation technique for assessing export sophistication is discussed and each step of 

estimation is carefully described. 

Gravity model is frequently used tool for evaluation of international trade. Model can 

be easily modified so it can analyze various features of international trade. Typical 

trade characteristics such are tariffs, quotas or similar are not the only ones which can 

be analyzed by gravity model. Institutional quality, effects of international 

agreements or economic competitiveness are examples of possible areas which can be 

measured by model too. So the usage of the model is really wide and serves to 

different interests. Moreover, trade of goods as well as trade of services can be 

investigated through this model without the need to considerably change it. These 

could be the reasons why gravity model is so popular in research of international 

trade.  

The origin of the model dates back to 1960s when it was firstly used by J. Tinbergen. 

It was inspired by physics and the well-known gravity law: The two bodies are 

attracted to each other with the force that is directly proportional to the product of 

their masses and inversely proportional to the square of the distance between these 

two bodies. In international trade, the force by which two bodies are attracted to each 
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other is the amount of export, alternatively the import value. The two bodies are 

exchanged to two countries which trade with each other. The mass of the country can 

be represented by its economic size, by gross domestic product. The distance between 

two countries is usually measured as distance between each country’s capitals. The 

distance variable is used here as a proxy for trade costs. In short, the model predicts 

higher amounts to be traded between larger countries which are closer to each other 

and lower traded amounts between distant small countries. 

The gravity model then, in its basic form, looks like the following: 

 
𝑋𝑖𝑛 =

𝑌𝑖𝑌𝑛

𝑑𝑖𝑠𝑡𝑖𝑛
 

(5.1) 

 

Where 𝑋𝑛𝑖 represents the amount of goods exported from country n to country i, 𝑌 

stands for GDP of given country n or i, and 𝑑𝑖𝑠𝑡𝑖𝑛 is the distance between countries. 

This formula is the easiest expression of gravity model if international trade, some 

researchers called it as the naive formula of gravity model. Variables of various 

interest, which are supposed to have an effect on amount of exports can be added to 

the formula but with a care to fulfil meaningful interpretation of the model. The more 

on this criteria will be discussed further in this chapter. 

It is surprising that gravity model was barely supported by economic theory in the 

first years of its usage. It was based more on institution than on anything theoretical. 

This could be the reason why gravity model was not employed to the research shortly 

after its first publication. But great results was achieved through this model. It was 

found that the gravity explains international trade relationships well. The basics 

indicators, the GDPs and distance significantly affects traded amount. GDP has 

positive effect while distance negatively influence trade. Moreover, the explanatory 

power of these variables is found to be very high. The good reputation of the model 

then lead to wider application. Even though the model works well in practice, there is 

still need for theoretic background of gravity model. Therefore various micro-

foundations for the model was developed recently. Nowadays there exists different 

theories behind this model. For example, Eaton and Kortum (2002) which explains 
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gravity relationship by Ricardian model or Helpman et.al. (2008) which founded 

gravity on models of trade in which companies have diverse productivity. The most 

famous theoretic background is the Anderson and Van Wincoop (2003). Each user of 

gravity model can choose the theory which serves the best to the aim of the research. 

Anderson and Van Wincoop (2003) works with gravity model as a demand function. 

It is based on constant elasticity of substitution and variety preference of consumers. 

The consumer is happier both with ability to consume more as well as when 

consuming larger variety of products. The supply part begins with the firm which 

produce one and only basket of goods, all on increasing returns to scale. Further, the 

perfect competition is presumed as there is a lot of firms in each country, therefore 

the price of product equals the costs of production. Next, both domestic and 

international trade is possible and it is matter of each firm on which market it will sell 

its products, but it is assumed that there are no transaction costs linked with domestic 

offer of firm’s products whereas international trade is burdened with transaction 

costs. This result in lower domestic price and higher price elsewhere, the rise of price 

depends on the transaction costs. Consumer can then choose between domestic and 

international products. Summing all firms in each country, the total amount trade is 

achieved. 

Mathematically, Baldwin & Taglioni (2006) provided simple derivation of gravity 

model using supply and demand functions. They built up their explanation on 

Anderson & van Wincoop (2003), but they use a less complicated approach.  All 

prices used in derivation of the gravity model are measured as numeraire.  

Derivation starts with equality of supply and demand (equation 5.2). Exports from 

country i (𝑝𝑖𝑛𝑥𝑖𝑛) have to be the same as importer expenditure on these goods 

(𝑠𝑖𝑛𝐸𝑛), where import price is 𝑝𝑖𝑛 , the price paid by purchaser in importing country. 

Variable 𝑥𝑖𝑛 stands for volume of single good exported from country i to country n. 

The overall expenditure country n can spent on tradable goods is 𝐸𝑛. Lastly, 𝑠𝑖𝑛 

represents the part of importer expenditure spent on goods from country i. 

 𝑝𝑖𝑛𝑥𝑖𝑛 = 𝑠𝑖𝑛𝐸𝑛 (5.2) 
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The share of expenditure spent on imported goods is further determined by constant 

elasticity demand function (CES). Conditional on all goods are traded, this share 

depends solely on relative relationship between traded price and price index. Here 𝜎 

represents the elasticity of substitution, 𝜎 > 1. Variable N counts all countries which 

import goods from country n. Export variety offered by country k is 𝑣𝑘. The optimal 

CES price index for exporter n is Ω𝑛. 

 

𝑠𝑖𝑛 = (
𝑝𝑖𝑛

Ω𝑛
)

1−𝜎

 𝑤ℎ𝑒𝑟𝑒 Ω𝑛 = (∑ 𝑣𝑘(𝑝𝑘𝑗)
1−𝜎

𝑁

𝑘=1

)

1/(1−𝜎)

 

(5.3) 

 

Further step is the implementation of trade costs, 𝜙𝑖𝑛 into gravity model. The price of 

traded goods from exporting country 𝑝𝑖 has to be larger by trade costs, 𝜙𝑖𝑛. The 

model assumes perfect competition at international market, so there is no corrective 

measure between prices. The final price of exported product become equal to 5.4. 

 𝑝𝑖𝑛 = 𝑝𝑖𝜙𝑖𝑛 (5.4) 

 

So far, equations were designed for a single good traded. Now aggregate relationship 

must be added to receive total trade with trade cost for all traded products, total 

traded value is 𝑋𝑖𝑛.  

 
𝑋𝑖𝑛 = 𝑣𝑖𝑠𝑖𝑛𝐸𝑛 = 𝑣𝑖(𝑝𝑖𝜙𝑖𝑛)1−𝜎

𝐸𝑛

𝑃𝑛
1−𝜎 

(5.5) 

Variable 𝑣𝑖 represents whole basket of different products offered by exporting 

country. 

Next condition is market clearing, meaning that all produced goods of country i are 

traded domestically or internationally with all its partners N. The total production of 
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nation i is composed of all sold goods, 𝑋𝑖𝑛. Using the calculation of equation 5.5 the 

following formula is achieved: 

 
𝑌𝑖 = ∑ 𝑋𝑖𝑛

𝑁

𝑛=1

= 𝑛𝑖(𝑝𝑖)
1−𝜎 ∑ (𝜙𝑖𝑛

1−𝜎 𝐸𝑛

𝑃𝑛
1−𝜎)

𝑁

𝑛=1

 

(5.6) 

 

Equation 5.6 can be rewritten as: 

 

𝑛𝑖(𝑝𝑖)
1−𝜎 =

𝑌𝑖

𝜃𝑖
1−𝜎  𝑤ℎ𝑒𝑟𝑒 𝜃𝑖 = (∑ (𝑡𝑖𝑛

1−𝜎
𝐸𝑛

𝑃𝑛
1−𝜎)

𝑁

𝑛

)

1/(1−𝜎)

 

(5.7) 

 

Formulation 𝜃𝑖 represents the openness of country i to exports. The potential of 

country i to be in partnership with other countries at international market is captured 

here. It affects whether it is easy or profitable to be in business relationship with 

nation i. 

Finally, the gravity equation 5.8 is defined by inserting last equation 5.7 into total 

trade 5.5: 

 
𝑋𝑖𝑛 = 𝑌𝑖𝑌𝑛

𝜙𝑛𝑖

𝜃𝑖𝑃𝑗
 

(5.8) 

 

This derivations conclude with the so called naïve model of gravity. Lately, more 

complex approaches to theoretical background of gravity equation are offered.  These 

approaches are discussed more latter in this section. 

Variables 𝜃𝑖  and 𝑃𝑗are very important in Anderson and Van Wincoop (2003) 

derivation of the gravity model. The trade costs 𝜃𝑖 are also known as outward 

multivariate resistance term between two countries. It affects the decision of 

exporting firm to export it goods to given country based on transaction costs across 
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all exporting markets. Similarly, the other variable 𝑃𝑗can be called inward multilateral 

resistance. It captures the decision of importing country to buy products from a given 

exporting country based on transaction costs across all exporting countries. These 

variables are the gravitas of the gravity model of international trade. 

The mutual trade cost variable 𝜙𝑛𝑖 is a very complex term. Usually it includes 

various factors that can somehow influence possibility of trade between two 

countries. The most important term for mutual trade cost is the distance. In the 

simplest form of gravity model, distance is the only explanatory variable for mutual 

trade costs. But other factors can be added to trade cost term, mainly the variables 

showing similarities between countries such is the share of the same cultural or 

institutional terms. Empirically, it was discovered that distance, common language 

and common history are significant in gravity relationship (e.g. Rose 2004). 

Therefore these variables should be included in mutual trade cost variable. In log-

linear specification it will be the following: 

 𝑙𝑛𝜙𝑛𝑖 =  𝛼 ∗ ln𝑑𝑖𝑠𝑡 + 𝛽 ∗ 𝑙𝑎𝑛𝑔 + 𝛾 ∗ ℎ𝑖𝑠𝑡 (5.9) 

 

The distance between capitals is measured by 𝑑𝑖𝑠𝑡, 𝑙𝑎𝑛𝑔 and ℎ𝑖𝑠𝑡 are the dummy 

variables, equal to 1 if countries share the same official language or have common 

history and it equals zero otherwise. Even though these factors are the most preferred 

in gravity estimation, there is no limits in including other terms of interest. 

Head and Mayer (2013) identified three types of gravity equations: general, naive and 

structural. General gravity equation is defined as multiplication of exporter 

characteristics that determines how good exporter it is, 𝑆𝑖, importer capabilities to 

attract imports, 𝑀𝑛, and mutual gravity accesibility of two trading partners, 𝜙𝑖𝑛, 0 <

𝜙𝑖𝑛 < 1 and lastly of constant of gravity, G. 

 𝑋𝑖𝑛 = 𝑆𝑖𝑀𝑛𝜙𝑖𝑛𝐺 (5.10) 
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Naive gravity relationship is described by equation 5.11: 

 𝑋𝑖𝑛 = 𝐺𝑌𝑖𝑌𝑛𝜙𝑖𝑛 (5.11) 

 

The exporter and importer characteristics are substituted by GDPs of given countries 

which characterize the economic strength of the country. Variable  𝜙𝑖𝑛 represents 

accessibility of destination market (n) to exporting country (i), or shortly in this 

model, the bilateral trade costs.  

Structural gravity includes additional constraints on exporter and importer 

capabilities: 

 
𝑋𝑖𝑛 =

𝑌𝑖

Ω𝑖

𝐸𝑛

𝛷𝑛
𝜙𝑖𝑛 

(5.12) 

 

Where 𝑌𝑖 stands for total value of production and 𝐸𝑛 is the total expenditure importer 

have for spending on imported products. Ω𝑖 with 𝛷𝑛 can be called multilateral 

resistance terms that can be further defined as 5.13: 

 
Ω𝑖 = ∑

𝜙𝑛𝑖𝑋𝑙

𝛷𝑙
𝑙

 𝑎𝑛𝑑 𝛷𝑛 = ∑
𝜙𝑛𝑙𝐸𝑙

Ω𝑙
𝑙

 
(5.13) 

 

Gravity expression is estimated in logarithmic form rather than in multiplicative form 

due to easier computation and interpretation of obtained results. The basic gravity 

model equation (with the error term 휀𝑛𝑖) then is 5.14: 

 𝑙𝑛𝑋𝑖𝑛 = 𝛼 + 𝛽𝑙𝑛𝑌𝑖 + 𝛾𝑙𝑛𝑌𝑛 + 𝛿𝑙𝑛𝜙𝑖𝑛 + 휀𝑛𝑖 (5.14) 

 

The gravity model can be estimated by various techniques. The naive form of model 

can be estimated by ordinary least squares (OLS). The advantage of OLS technique is 
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that it is simple and it provides easy first glimpse into international relationship. On 

the other hand, the OLS can be used for estimation of the naïve form, but other types 

of model are hard to be estimated by OLS. This is due to the gravitas variables in 

other forms of gravity model. The multilateral resistance terms are unobservable and 

therefore cannot be included directly in the estimation. 

Technique that makes it possible to include unobservable multilateral terms into 

gravity is the fixed effects estimation. The fixed effects method adds dummy 

variables for each exporter and importer country to the dataset. In this approach, the 

specifics of each country is included in these dummy variables. Another advantage of 

this model is that it covers also the usage of warehouses and can control for export 

areas without over-predicting the amount of exports. However fixed effects 

estimation is mostly the preferential approach in research, it has a big disadvantage. 

The fixed effects include all specifics of the country so if the estimate of the effect of 

some policy wanted to be measured, it is impossible to include it itself to the gravity 

equation as it is part of the fixed effect of given country.  

Another alternative is to use some proxy for multilateral resistance term. By this 

approach we exchange the unobservable variable by some observable term which can 

then be use directly in estimation. Head and Ries (2001) develop a Head-Ries Index 

(HRI) which should express all trade connections between two countries. The index 

is the depicted in equation 5.15: 

 

�̂�𝑛𝑖 =  √
𝑋𝑛𝑖𝑋𝑖𝑛

𝑋𝑖𝑖𝑋𝑛𝑛
 

(5.15) 

 

The main limitation of HRI is the need for domestic trade, but this variable is quite 

hard to achieve and the measurement can be inaccurate. 

Next method is the estimation with demeaned variables. The data has to be demeaned 

in two dimensions, for exporter and for importer. Unfortunately this method is 
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possible only when there are no missing values in the dataset, which is very common 

in international trade data. 

 

5.1. Gravity estimation of sophistication effect 

 

The policy effects are frequently estimated by gravity model. To find policies which 

can effectively promote trade is very important for successful international 

competitiveness. But the estimation is quite problematic. We cannot include policy 

variables itself to the equation unless the naïve form of gravity model is used. The 

alternative ways of estimations enables to include policy variables itself to the 

equation, but it has another disadvantages which were discussed earlier in this paper.  

The fixed effects cannot be used straight because it is part of the country specific 

effects. The econometric software makes it possible to estimate equation with policy 

variables and the fixed terms. The estimator should be then aware of the problem 

because the results achieved would be inaccurate, but no alert is given straight. The 

problem is that the obtained standard errors in such estimation will be misleading. A 

country data on gross domestic product are definitely specifics of each country and 

therefore present a kind of variables that should not be included directly to gravity 

equation. Such a mistake in estimation is called gold error mistake in gravity 

literature. Even though this problem was overlooked in first estimations and in 

estimations of naïve model, the estimator of gravity model should be familiar with 

this mistake nowadays and employ accurate steps to estimate country specific effects 

Nevertheless, the policy effects, including the sophistication of exports, can be still 

estimated having problem with errors in mind. This thesis propose four options how 

to deal with country specific effects. These are two alternatives how to transform 

country specific variable to pair-country specific variable and one step estimation 

technique and two step estimation. 

One possibility is to include bilateral measure on policy variables instead of variables 

specific for each country. This could be the simple product of the variables for each 
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country (e.g. 𝑛𝑒𝑤 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑛𝑖 = 𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑛 ∗ 𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖).  This approach is very easy to 

implement. On the other side, it is hard to comment on the results as there is no other 

reason for making product only the possibility to estimate it. Therefore this method 

should not be used unless there is a reason for combining variables for two countries 

and result could be commented. Rauch & Trindade (2002) is the example of the paper 

which very successfully implement multiplication of variables into estimation and 

was understandable commented. 

Average of the data on country specifics can be another chance how to add variable 

directly to the equation and receive good results. Head & Mayer (2013) refer to this 

technique when bilateral tariff data are part of gravity estimation. The logarithm of 

bilateral tariff variable can then be included in equation and estimated. 

Labor equation usually resort to one step estimation (Head & Mayer, 2013). It 

combines a constant and error term of the underlying equation and create new 

equation when this combination serves as the new error term. There is one necessity 

for this method. To achieve true standard errors in the model, the standard errors of 

the exporter have to be gathered together. 

Another possibility is to use the two step estimation. According to Head & Mayer 

(2013), it is viewed as one of the efficient method with the most advantages. It makes 

it possible to estimate gravity model by fixed effects and it can then achieve the effect 

caused by policy variable. The two steps technique is based on estimation of two 

equations. Firstly, the gravity equation where exporter characteristics are substituted 

by fixed effect term 𝑙𝑛𝑆𝑖 is estimated. The equation also includes imported 

characteristics and resistance term between trading countries.  

 𝑙𝑛𝑋𝑛𝑖 = 𝛼𝑖 + 𝛽𝑄𝑖 + 𝛾𝑛 + 𝛿𝐷𝑛𝑖 + 휀𝑛𝑖 (5.16) 

 

In short, the basic equation 5.16 cannot be estimate directly. Because the variable 𝑄𝑖 

represents the export sophistication index for given country I which cannot be added 

to equation directly without obtaining incorrect standard errors and therefore 

incorrect estimation. 𝐷𝑛𝑖 is an indicator of bilateral accessibility of an exporter 
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between which belongs distance or memberships in trade agreements. The index 𝐼𝑛 

stands for all characteristics of buyer. Other factor of exporter characteristic which 

can affects its international business is caught in 𝛼𝑖 term. 휀𝑛𝑖 is an error term. But the 

following equation 5.17 provides correct estimates: 

 𝑙𝑛𝑋𝑛𝑖 = 𝑙𝑛𝐸𝑖 + 𝐼𝑛 + 𝛿𝐷𝑛𝑖 + 휀𝑛𝑖 (5.17) 

 

It can be seen that sophistication index 𝑄𝑖 and constant are exchanged by 

characteristics of exporting country 𝑙𝑛𝐸𝑖. This type of equation can be estimated 

without problems. The estimated values on fixed effect of exporting country have to 

be saved afterwards, they will be the needed for second step. 

The next step is to achieve estimate of wanted variable, the export sophistication 

indicator. The variable 𝑙𝑛𝐸𝑖 hides all information on country’s characteristics. So the 

quality of exports is also part of this variable. Whether it is significant and how big 

impact the quality has can be discovered by estimating the following equation  

 𝑙𝑛𝐸𝑖
̂ = 𝛽𝑄𝑖 + 휀𝑖 (5.18) 

Only now the correct estimates on sophistication of export is acquired.  

 

5.2. Estimation of sophistication effect on exports 
 

This section aims to reveal whether and how quality affect exports within European 

Union. Firstly, the dataset used in calculations is discussed. It focuses on data 

calculations and the sources of data. The details on estimation technique with 

verification of underlying idea of gravity model are presented next. The procedures 

follow the most recent discoveries in the gravity model. Two step estimation 

technique is used to reveal the effect of sophistication of exported volume. 
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5.2.1.  Dataset 

 

This thesis collect data on European trade in recent years. Only 27 out of 28 members 

of European Union is considered. Luxembourg is excluded due to data limitability. 

Belgium and Luxembourg form an economic union which covers all economic and 

monetary affairs of these two countries. Belgium reveals the complete data, but it is 

hard to achieve complete data for Luxembourg. The volume of export is achieved 

from Eurostat website and is organized according to industry level data. 

Data tries to be as much up to date as it is possible. Year 2013 represents the current 

time when all necessary data are available. The historical data are also used in 

evaluation to see the development of the sophistication effect over time and also after 

important time event, such is EU enlargement. 

Typical gravity variables are taken from cepii.fr website. These include dummy 

variables on common language and dummy variable on common history. Dummy 

equals one if countries share the same language or have same history and attain zero 

otherwise. Variable on distance between countries, measured as kilometric distance 

between capitals of countries also came from cepii.fr website. 

As the proxy for export sophistication level, the quality index is applied. Quality 

index is a complex indicator of quality of produced goods in given countries. Data on 

quality index is extracted from International Monetary Fund website. The missing 

values are estimated by linear trend. Henn et al. (2013) comments on the quality 

indicator and explains how the variable is derived. Quality index is based on the unit 

values but it more than that. Unit values are enlarged by country and time specifics to 

acquire the more precise quality variable. The quality index takes on the values in 

range between 0 and 1.2. The higher the value is, the more quality product it is. Henn 

et al. (2013) demonstrates that quality index is far better indicator of sophistication 

than unit values. Unit values captures quality well, but mainly for lower levels of 

quality whereas quality index do a good work in keeping close relationship with 

quality even for high-quality products. Moreover, quality index simulates changes in 
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quality faster and more accurate while unit values usually moves up slowly as price 

needs time to adjust to quality changes. 

Gross domestic product, the GDP, is used for preliminary and additional verification 

of the model ideas in this thesis. GDP is expressed in current market price, in euro 

per inhabitant. Values for this variable are withdrawn from Eurostat website.  

 

5.2.2.  Estimation technique 

 

The gravity model of international trade is being used to estimate effect of 

sophistication on exports in European Union. As quality of export is unique 

characteristic of each producer and country, the sophistication index belongs to 

country specific terms which cannot be estimated directly by gravity model as was 

explained in the previous section of this thesis. Accordingly, two step estimation 

technique will be employed to evaluate the effect of quality on volume of export in 

EU. Choice of two step estimation proceed from desirability to use monadic variable. 

It is also preferred to one step estimation as the errors of the exporter cannot be 

clustered. 

In the beginning of the estimation procedure, the equation with export fixed effect 

term is applied. Multilateral resistance term is also included in the first equation. The 

gravity model enters here in logarithmic form, which is the usual form for estimation. 

The following formula 5.19 represents what is being estimated: 

 𝑙𝑛𝑋𝑛𝑖 = 𝑙𝑛𝐸𝑖 + 𝐼𝑛 + δ1lndist + 𝛿2lang + 𝛿3hist + 휀𝑛𝑖 (5.19) 

 

The exporter fixed effects are captured by 𝑙𝑛𝐸𝑖, importer fixed effects are 𝐼𝑛. These 

variables should capture all specific characteristics of nations as is the level of 

economic development, sophistication level of exports, institutional quality etc. There 

are three variables on multilateral resistance, the distance between trading countries 

in logarithm, lndist, the dummy variable on common language, lang, and dummy 
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variable on identical history. These variable were previously proved to be significant 

in gravity models, hence these were chosen over other characteristic of relationships 

between countries to be included in the model. 휀𝑛𝑖 is the error term. 

Before the estimation is proceeded, it can be checked whether institution behind 

gravity model is correct and match the data. The fundamental idea behind gravity is 

that economic size positively influence international trade, trade costs negatively 

affect trade. The total volume of exports between EU members is used to show 

volume of trade, GDPs of exporter and importer proxy economic size and trade costs 

are substituted by distance. The correlation matrix serves as an instrument to verify 

the basic gravity idea. 

Table 5.1: Correlation matrix for naïve gravity model 

  lnX_total gdp_E gdp_I ln_dist 

lnX_total 1 

   gdp_E 0.2802 1 

  gdp_I 0.262 -0.0385 1 

 ln_dist -0.4872 0.0122 0.0122 1 

Source: own calculation 

The table 5.1 shows results of correlation matrix obtained from STATA software. 

Consistently with the idea, GDPs have positive impact on exports, larger countries 

tend to trade more. The relationship between exports and distance is negative, trade 

drops with the remoteness of the partner. So the background check of fundamentals 

of gravity model is confirmed by data. Surprisingly, the value on distance is bigger 

than value on GDPs. The remoteness of country is more important for export 

destination than economic size of country in EU. 

In the proposed equation for the estimation, there is no GDPs, but there is more 

variable commenting multilateral resistance between trading partners. Not all of the 

variables from this section are expected to be inversely proportional to traded 

volume. Speaking the same language should be a privilege in economic negotiation, 

so it should promote trade. Sharing the same history should be also an advantage as 
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the citizens were used to communicate with partner country, therefore positive impact 

on trade volume is expected. 

Table 5.2: Correlation matrix for estimated model 

  lnX_total ln_dist lang hist 

  

    lnX_total 1 

   ln_dist -0.4872 1 

  lang 0.1617 -0.1688 1 

 hist 0.2075 -0.0275 -0.0125 1 

Source: own calculation 

The correlation matrix in table 5.2 verifies the assumed signs of variables. Distance 

remain to be the most influential variable on remoteness, but other variables also 

reached values over 0.1. This table denotes only correlation between variables, 

whether they are significant is still a question. 

Underlying idea behind gravity model was confirmed by data. Model is meeting 

criteria for further estimation. Next move is to do the first step and estimate equation 

5.19 by STATA. Econometric software provide the measure of remoteness as well as 

measure of fixed effects. The result of estimation is shown in table 5.3. 

The result table for estimation is big as it includes 27 export and import fixed effect 

dummies for each member country of EU. Because of this, the results are shown only 

for variables on multilateral resistance. 

It can be seen in table 5.3 that all variables take on the expected signs. Distance is the 

only variable with negative relationship to export volumes. Share of common 

language and history helps to intensifying trade relationship between countries. As 

distance rise by 1%, the export to this destination decrease by 1.5%. Remoteness 

between countries is highly significant at 0.1% level. So even in smaller territory, in 

the EU, countries tend to trade more with nearby countries rather than to transport 

products faraway. Germany, for example, exported almost 60% of total goods, aimed 

to EU, to its border countries in 2013. This is true also for small country, the Czech 
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Republic, whose exports are oriented to bordering countries, representing 63% of 

total exports to EU 2013. 

Table 5.3: STATA results for first step estimation 

  lnX_total     

ln_dist -1.512 

     (22.06)** 

   lang 0.455 

     (2.33)* 

   history 0.035 

     (0.22) 

   Observations 702       

R-squared 0.9 

   Absolute value of t-statistics in parentheses 

* significant at 5%; ** significant at 1% 
Source: own calculation 

Language variable is significant at 5% level. Countries which share common 

language should trade more, model predicts that trade doubles for single linguistic 

equipment within countries. The value on language is 0.45451, which is quite high. 

The size can be so big, because it reflect more neighboring effects. Countries with 

same languages are usually bordering countries in EU, so the influence of language in 

EU can be overvalued. Moreover, most country representatives know same language, 

which can be different to its official language, due to affairs linked with EU. 

History variable is found to be insignificant. This is inconsistent with Rose (2004) 

who implies the historical variable to be significant. The different result here can be 

explained by the fact that all EU countries share common history resulting from 

membership in EU. Furthermore, all European countries are extensively interlinked 

through history and therefore there is no special concentration on tight historical 

relationships. 

All discussed variables, distance, language and history are practically impossible to 

change. These are fixed disadvantages or advantages for trading. Whenever country 

would like to change its position, become more competitive, it has to focus on 

variables that can be transformed and influenced by country policies. Quality of 

exported products could be a good instrument to increase traded volume. 
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The fixed values on exporter are found positive and significant at 1%, except for 

Malta. The reason why business situation for Malta differs from other European 

countries can be caused by smaller territory and imperfect data collection. Moreover, 

Malta is a lone island which can also have a negative effect for promoting trade. The 

country characteristics is important in making decisions as almost all values are 

significant. The variables acquired values in the range 5.96 to 0.86. The highest value 

takes on Germany characteristics, the lowest the newest member of EU, Croatia. The 

values are matched to economic size of the country, the strongest countries 

(Germany, France, and United Kingdom) have higher values than smaller countries. 

Obtained values for exporter fixed effects are available to be find in the appendix of 

this thesis. The fixed effects solely cannot characterize the country potential solely as 

they present a complex measure. The second step of estimation is required to detect 

effect of export sophistication. The values on fixed effects are saved as they play a 

crucial role for further steps in estimation.  

Afterwards the values on fixed effects were achieved, the second-step procedure is 

initiated. The fixed effects serve as a dependent variable in next equation and 

sophistication measure stay on explanatory side of equation. 

 𝑙𝑛𝐸𝑖
̂ = 𝛽𝑄𝑖 + 휀𝑖 (5.18) 

 

Where  𝑄𝑖 is the quality index mentioned earlier in this thesis and 휀𝑛𝑖 stands for error 

term. The main figure of interest is 𝛽 which indicates whether quality can influence 

country fixed effects and, in broad range, effect on international trade. It is expecting 

the value on 𝛽 will be positive and significant to show that higher quality production 

ensure destination markets where quality product can be sold. The equation is 

estimated by ordinary least squares technique. 

The results of second step estimation show the impact of export sophistication on 

traded volume. It can be determined whether quality is important for trade or it is 

only minor factor. The numeric size of this effect (for example in percentages) is hard 
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to detect though as particular countries differ in their fixed effects. The result table 

for last estimation and comments are part of next section of this thesis. 

 

 

6. Results on sophistication for 

the recent data 

 

Estimation results of gravity model are demonstrated in this chapter. It covers results 

of basic estimation for whole EU area, of the partial estimation for old and new 

member countries or results of model with country specifics. Evolution of quality 

effect on export in time and connections between quality and economic growth are 

part of this section too. 

Results of two step estimation of gravity model is depicted in table 6.1.  The quality 

index reach the expected sign of the effect and positively affects fixed effects of 

countries through which the higher quality increase traded volume. 

The table 6.1 proves that quality promote international trade. The quality index is 

highly significant, at 1% level. The higher quality products are offered at 

international market, the more trade partnerships can be entered into. This result is in 

line with previous researches of sophistication, quality has been significant in 

majority of them (Schott 2008, Curzi & Olper 2012, Fischer 2010). Governments and 

firms should focus on quality standards and proposing such innovations that would 

lead to increase in quality. By this, country can attain higher competitiveness status 

among other EU members. Moreover, Hallak (2006) states that countries exporting 

more sophisticated products are likely to be in trade relationships with richer 

countries. Rich countries can pay more for their imports, so the profit margin increase 

for exporting country. 
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Table 6.1: Stata results for export sophistication, second step estimation 

  lnEi   

 quality index 3.324 

    (11.07)** 

 Observations 27 

  R-squared 0.82 

   

Absolute value of t statistics in parentheses 

* significant at 5%; ** significant at 1% 

Source: own calculation 

Quality index does a good job in explaining fixed effects of countries. The value of R 

squared is high, 82%. Moreover F statistics of explanatory variable is big, 122.55 and 

p value of this statistics is 0.00. Quality therefore surely belongs into country 

characteristics which influence international trade. 

The results confirm that Europe region does not differ from other geographic areas in 

the world. Even though quality is commonly discussed topic in international trade 

nowadays, the EU region was not specifically inspected in terms of export 

sophistication. Table 6.1 shows that quality in Europe is valuable and required 

characteristic of exported goods for international competition on the market. More 

sophisticated products are sold easily and more profitably. Schott (2008) delivered 

similar results for quality effect on export for China region. 

To sum, this thesis confirms that sophistication level of exports is important when 

country wants to keep all its destination markets or even enlarge traded amounts. It is 

also possible for countries to increase price of its products and reach higher revenues. 

In short, country with more sophisticated exports can be wealthier and has a better 

position across others. 
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6.1. Specific estimations of export sophistication 
 

The behavior of quality index in various specifications is depicted in this section. It 

was already proven that quality positively affects volume of exports, but the impact 

of quality can differ among countries or industries. The set of EU member countries 

presents a lot of variances. Export baskets are different for different geographical 

location. The baskets are also dependent on natural endowment of each territories. As 

the goods exported vary, the attitude to quality changes.  

The estimation of export sophistication on industry level highlights the difference 

quality effect for various specialization in production. The low technology based 

sectors should require lower level of sophistication. The lower quality goods are sold 

mainly to developing countries which are not very rich. The boundary of export 

volume is hard to overcome and country find it hard to develop. On the contrary, 

directing on highly sophisticated products and industry result in betterment of 

economic conditions. 

 

6.1.1. New versus old EU member countries 

 

This sections aims to measure the difference in sophistication dependence between 

old members and new countries which joined EU after 2002. Most of new member 

countries went through transition and had to prepare themselves for EU membership. 

For some of them, international trade was uneasy in history and they hoped for new 

possibilities and enlargement of delivery markets for its product. The quality level of 

exports of these countries was lower than quality in old countries, but they are 

progressively reaching to higher values. 

So new countries were in disadvantage with old ones in terms of quality. The table 

6.2 shows whether quality plays also important role for explaining fixed effects when 

we separately estimate the equation for old and new EU countries. 
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Table 6.2: Estimation for old and new EU member countries 

Ln Ei_old     Ln Ei_new     

quality index 4.037   quality index 2.459 

 

 

(13.95)** 

 

(5.38)** 

Observations 14   Observations 13 

 R-squared 0.94   R-squared 0.71 

 Absolute value of t statistics in parentheses 

 * significant at 5%; ** significant at 1% 

  Source: own calculation 

The division on new and old member countries made two similar-sized groups. Old 

EU member group comprised of 14 countries, 13 countries belong to new EU 

member group. In both units sophistication positively and substantively influences 

trade. High quality goods are connected with higher demand at international market. 

Even though both groups of countries face the same sign of sophistication level, the 

size of quality impact on trade differs. Sophistication is far more important for old 

EU member countries than for the new one. The explanatory power of quality index 

is also higher for old EU countries. This deepens the Benkovskis & Rimgailaite 

(2010) who depicted diffrences between old and new EU countries and provides 

support that those countries with higher quality standards are more dependent on 

sophistication in trade. The decision making in international trade’s matters should 

keep this difference in mind and maybe propose distinct export strategies for these 

two groups of EU members. 

The difference between the value on quality index means that there must be other 

variables affecting fixed country effect for new EU members. Old EU countries want 

more from new EU members than just quality. Institutional quality or trade barriers 

can be such variables. Another explanation can be that new EU member countries are 

still lagging behind old EU countries and they try to substitute this quality with other 

features, price being the simplest possibility for doing that. 

To sum up the difference between countries, old EU countries are heavily dependent 

on quality to ensure sales of exports while countries entering after 2002 to EU can 
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still improve its quality standards and achieve bigger part of European product 

market. 

 

6.1.2. Specifics of sophistication effect in different 

industries 

 

There certainly exists difference in attitude to quality across industries. Higher 

quality goods are definitely preferred, but having limited amount of finance, 

consumer has to make optimal decision with various goods reaching different quality 

levels. Customer can appreciate high quality food more than high quality electronics 

or vice versa, for example. It was previously shown by Curzi & Olper (2012) and 

Fischer (2010) that sophistication is heavily important for food sector, Brooks (2006) 

used quality differences between US and Colombia to depict significance of quality 

in manufactures and Kellman & Shachmurove (2012) highlights the magnitude of 

quality effects on trade for machinery. 

The gravity model is estimated simultaneously for each industry, based on SITC1 

classification. The separation starts from the first step estimation, where volume of 

exports that belongs to given industry is applied. The quality index indicating 

sophistication for each country in given industry is then used in second step 

estimation. This should reveal the differences in approach to quality in industry level.  

Achieved results are depicted in table 6.3. The quality index is significant for all 

industry specification. However, quality index is significant at lower level, 5% for 

Sitc_3, Mineral fuels, lubricants and related material. The value on quality variable 

differs, it fluctuate in range 5.554 to 1.06. It reaches the highest value for Sitc_0, 

Sitc_2 and Sitc_7.  The lowest values is depicted by Sitc_3 and Sitc_6. The estimated 

value of quality for other industries is kept around value 2. 

The sophistication has the biggest impact in food, crude materials and machinery 

industry. It is understandable that people cares what they eat and drink, the quality in 

food is demanded by people as it increase their utility. Therefore internationally is 
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also demanded higher quality food. Another point is that it is standard for richer 

countries to have a higher quality portfolio of food than developing country. 

Moreover, rising section with rich variety of bio-products or ecological farming 

products available in shops over Europe proves that customers care for quality in 

their diet. Gastronomic food is another sector which can back up customer focus on 

high quality food. This result is in line with other studies in this field. Curzi et al. 

(2013) states that more sophisticated products influence the destination market and 

performance of country exports. 

Table 6.3: Estimation of sophistication divided according to industries 

Industry Sitc_0 Sitc_1 Sitc_2 Sitc_3 Sitc_4 

quality index 5.291 4.018 5.554 1.06 2.144 

 

(16.18)** (9.57)** (15.36)** (2.18)* (4.30)** 

            

R-squared 0.91 0.78 0.9 0.15 0.42 

 

 

     Industry Sitc_5 Sitc_6 Sitc_7 Sitc_8 Sitc_9 

quality index 2.652   1.764 5.182 2.012 2.748 

 

(8.07)** (3.74)** (12.98)** (5.54)** (4.87)** 

  
     

R-squared 0.71 0.35 0.87 0.54 0.48 

Absolute value of t statistics in parentheses 

 * significant at 5%; ** significant at 1% 

  Source: own calculation 

The quality index reached the highest value for industry SITC_2, crude materials 

except fuels. This is a very new discovery as quality in crude materials have not been 

studied in detail previously. This industry covers a lot of possible luxury products, 

such as fur, skins, wood or silk which could affect the size of the value on quality 

index. It is surprising that this industry reached so big value. However, European 

countries value quality and so probably do European firms and want to process with 
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high quality materials, therefore requirement of quality for crude materials can be 

high and leads to high value of estimated quality index. The area of quality in crude 

material was not investigated to far yet, so there may be also other reasons for higher 

level of sophistication in this industry. 

Lastly, quality is also highly important for machinery sector. This is consistent with 

previous study conducted on Polish data by Kellman & Shachmurove (2012). 

Machinery plays a substantial role in European trade as it is the major article of 

exports. Competition must be tough between countries which specialize in the same 

industry. More sophisticated products are definitely advantage for competing with 

others. Further, machinery is the sector where products must go through various 

assessments and quality control. Safety is extremely worthy in transport equipment 

and higher quality can denote increased safety. It can be seen from the estimation 

results that both producers and purchaser are appreciating higher quality and export 

of country can be boosted if quality is improved. 

On the other hand, the quality is less important for mineral fuels and manufactured 

goods. The low values on index is caused by several eventualities. This result is in 

contrast to Brooks (2006) which quality has significant impact on exporting 

opportunities for machinery sector. This thesis result possibly denotes that there are 

other features than quality which drives the buying decision in these industries. Low 

specialization in mineral fuels or manufactured products can explain the lower 

estimated value for quality index too. 

The European countries looking for bigger trading volume should specialize in more 

sophisticated products. They should concentrate mainly on crude materials, food and 

live animals, machinery and transport equipment in their export. On the contrary, 

manufactured goods and mineral fuels, lubricants should cover small part of country 

exports or be reduced.  
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6.2. Sophistication development over time 
 

All previous estimations used only recent data, coming from year 2013. But the effect 

of quality on export is likely to change in time. Consumers’ mood can change 

anytime and they can prefer more goods in lower quality or less goods in lower 

quality to still spend the same amount of money. Further, with innovations taking 

place, quality of most goods can be improved over time. Another point is the business 

cycle which causes fluctuations in economic activity and can cause change of 

behavior of exporters and importers. 

The two step estimation of gravity model in different years is carried out to see 

development of power of sophistication level on exports in time. The estimation 

process follows the same procedure as in the previous section of this thesis. Each year 

is assessed individually. 

Years 1995, 2002, 2006 and 2013 were selected for estimation. Year 1995 is the first 

one which is well recorded by Eurostat database. Year 2002 depicts the timing when 

a lot of new countries entered EU, so it serve as an indicator of trade starting point for 

enlarged EU. Situation in 2006 reflects the condition after new member countries fit 

in European Union. Besides, year 2006 should not be affected by economic crisis 

which began in 2008 so the data should be clear. Finally, year 2013 indicates the 

most recent state of European market. All important time data are included and 

unsafe years with possible deviations of last economic crisis are not covered. The 

collection of estimates in these 4 years should mirror the development of 

sophistication well.  

The far past data are used, the more limits of data are exercised. The number of 

observations is therefore unequal to 27, the number of EU members. However there 

are drop-out in the data, to keep the same procedure the same databases are used in 

estimation. The major leave outs are presented in 1995, reducing number of 

observations to 18. 

The first step estimation results are in line with underlying idea of gravity model. 

Distance variable is always found to be negative and significant. Next variables on 
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remoteness of country, language and history are mainly positive but insignificant. 

The results from second step estimation are shown in table 6.4. The quality index is 

significant in each of four time specifications, it is significant at 5% level in year 

1995 and at 1% level later on.  The later historical data loses the explanatory power 

for country fixed effects. It is hard to distinguish whether it is due to less observations 

or due to sophistication. 

Table 6.4: Estimation of quality index in time 

lnEi 1995 2002 2006 2013 

quality index 0.615 0.743 1.042 3.324 

  (2.70)* (4.17)** (8.04)** (11.07)** 

  
    

Observations 18 23 24 27 

R-squared 0.3 0.44 0.74 0.82 

 

Absolute value of t statistics in parentheses 

* significant at 5%; ** significant at 1% 

 Source: own calculation 

The importance of sophistication rose in time as is clear from table 6.4. Both the 

value and significance of quality index has increased during 18 years. The quality 

index follow fast pace and reached more than quintuple value in 2013 compared to 

year 1995. The fast development was recorded mostly recently. In last decade and 

later, the value of quality index was low and was moving slowly upwards. Such 

finding explains why there exists many research papers dealing with quality recently. 

Sophistication level of exports likely became one of the most important factors 

deciding where the goods will be delivered and how big profit can be made. 

Another clarification for growing importance of quality could be the closer 

relationships between EU members. Trade barriers between members are gradually 

removed and partners can trade with each other easily. Being part of international 

union requires intensive cooperation between countries. So the language, historical or 

other cultural differences can be overcame by joint working inside EU. Countries 
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which wants to become differentiated should aim at other characteristics such is 

quality. 

 

6.3. Export sophistication and economic 
development 

 

A recent studies claims that more sophisticated product does not lead solely to boost 

of export but also to economic development. Hausmann et.al. (2007) argue that 

country specialization in products which are exported by rich countries most probably 

record economic growth than countries specializing in other products. Jarreau and 

Poncet (2011) confirm this idea researching data on trade with China, but they limit 

the positive effect on development on domestic companies which perform ordinarily 

in their exports. The impact of export sophistication on economic development inside 

EU is examined in this section. 

Figure 1 shows the relationship between GDP in current market price in euro per 

inhabitant and export sophistication measure by quality index in 2013. It can be seen 

that sophistication and GDP are positively correlated. The richer country is, the more 

sophisticated goods it produces.  

There is also clear difference between new and old EU member countries. The old 

member countries have higher value of both variables, they are situated in upper right 

hand corner of the figure. Countries which entered EU after year 2002 are placed on 

the left. The new EU member countries still have not caught up with the old 

members. 

The worst position between new EU countries have Portugal and Greece which fight 

with economic crisis and tries to prevent state bankruptcy. Spain and Italy reflect 

difficult position too and it is visible that they will have to fight for better economic 

condition too. The acronym PIGS is linked to those countries to point out on their 

economic problems and insecure position between others as they are weighted by 
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high treasury bonds. Bulgaria and Romania indicates the most unfavourable 

conditions between new EU members. 

Figure 6.1: Relationship between GDP and quality index in 2013 

 

Source: own calculation 

There is a group of countries that are below of their quality potential. Countries 

situated below the regression line can positively influence GDP by the export of its 

quality products. Quality is higher than their GDP value so they could cope for better 

economic position if they focus on quality in their international trade negotiations, 

especially when dealing with old EU members which are mainly above quality 

potential. 

Denmark and Sweden are example of countries which are behind possible quality 

stadard of their economic development and they make use of their advantagenous 

position. Bulgaria and Romania presents countries from other side of figure which 

should also focus on growing quality in production. Even though they evidence 

higher GDP than what is projected by sophistication level, they are still the far 

bottom EU countries in terms of quality measure. 
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Figure 6.2: Relationship between GDP and quality index in 2002 

 

Source: own calculation 

To see whether there was some marginar changes during time, figure 2 depicts the 

relationship between GDP per capita in current market price and quality index in 

2002. Most countries improved their position, at least one of the explored features 

increased. It was mainly GDP factor which move country to better sector, the values 

on quality index did not record so big improvements. 

Even in year 2002 there is visible cluster of old EU member countries located in 

upper right hand corner. It is also clear that some countries were severly damaged by 

economic crisis in 2008, the drop of Ireland from one of the leading positions to 

lower values is the most significant. 

There are just a few countries which enhance the quality and economic size 

relationship and moved up and closer to regression line. Poland is an example of 

country utilizing its locations towards others nad changing from undervalued country 

to overvalued in this particular relationship between GDP and quality. A lot of 

countries remain at a stable position and does not change their position considerably 

towards others. There is no country which would fall down from being over 

regression line to under regression line position, so no major failure in keeping GDP-

quality correlation being presented among EU countries recently. 
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Both figures show the positive relationship between GDP and quality measure. The 

statement that quality can affect economic development of country is justificable. 

Countries whose quality index increased have reported higher GDP value. 

 

6.4 Further research proposals 
 

The previous sections provide complex view of sophistication of exports within EU. 

The effect of quality on traded volume is depicted in various specifications, including 

different groups of countries, industry level analysis or changes of this measure over 

time. Even though the thesis tries to cover all important specifications, there are still 

area which needs more attention. 

This thesis opens area for a further research. Maybe the most interesting would be an 

analysis of quality within one country, aimed at firm level characteristics. Such 

analysis should depict the hot sectors of country economy where improving the 

quality measure would significantly help country to be more competitive at 

international market.  

Furthermore, the research conducted on product level should deliver interesting 

results too. The firm or country would be able to determine which products are the 

crucial in terms of quality measure. Comparing the results with more countries would 

help to determine where products achieve higher quality and whether this quality is 

really depicted by different prices for these products. Prices are used in initial 

derivation of product quality so it is essential for quality to be reflected by price. If 

this idea would not be supported by data, most of the quality measure are completely 

wrong. Therefore, the analysis and comparison of sophistication on product level can 

serve as verification for quality measure approach. 

Another possibility for research is to carry out similar analysis but focus on other 

geographic areas and countries. Majority of studies work with Chinese data, but there 

are more countries waiting to be examined. 
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7. Conclusion 
 

The quality of exports plays important role in international trade. It was proven that 

countries can accelerate economic growth and increase traded volume if they export 

of highly sophisticated exports (Hallak, 2003; Hausmann et.al. 2006). Some 

researchers concentrated on particular countries or industries to confirm the statement 

about quality significance. Schott (2008), Jarreau & Poncet (2011), Kneller & Yu 

(2008) affirmed truthfulness of the statement for China, Curzi & Olper (2012), 

Kellman & Shachmurove (2012) or Fischer (2010) validated the same for some 

European counties. 

This thesis focuses on sophistication of exports and trade relationship within 

European Union. It verifies the hypothesis that EU as a developed nation should trade 

with highly sophisticated goods. Moreover, it investigates whether quality can 

significantly and positively affect traded amount for EU area as it does in other parts 

of the world. This evaluation can then help EU policy makers in their decision 

making procedure concerning international trade strategies. The obtained results are 

also checked for possible disturbances arising from different industries or countries. 

Furthermore, thesis employs the most recent and accurate tool and method, the 

quality index developed by Henn et. al. (2013). and the two stage estimation of 

gravity model of international trade as proposed by Head & Mayer (2013).  

This thesis confirms that EU exports high quality products. Besides, it was shown 

that sophistication level is increasing in EU, the faster growth is depicted by new EU 

member countries. Further, this thesis proves that quality can significantly increase 

traded volume in EU. The higher the quality the higher volume of goods are 

exported. Policy makers and traderds should focus on quality imporving to remain 

competitive  and to attain more exporting opportunities. 

Controlling for differences between new and old EU member countries, it is depicted 

that quality is more important for older countries. This could be explained by higher 

quality standards in old EU members. Even though new EU members are improving 

their sophistication level (Benkovskis & Rimgailaite, 2010), they still need to be 
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further encouraged on their path so the equality between old and new countries will 

be achieved. Policy makers should have differences between old and new MS in 

mind when designing international trade strategies for EU. 

Food, machinery and raw materials are the industries where sophistication is 

extremely important, whereas sophistication level is the least important for mineral 

fuels and manufactured goods. This is in contrast with Brooks (2006) who 

demonstrated that quality in manufactures guarantees larger exports on Colombian 

and US data. Contradiction of results can exists due to specific characteristics of 

exporter and points out that each geographic area needs to be estimated separately. 

On the other hand, the positive effect of quality on exports was previously proven at 

individual country data by Curzi & Olper (2012); Fischer (2010); and  Kellman & 

Shachmurove (2012). Since significance of quality to trade is confirmed both for 

individual countries and for the entire EU, it can be generalized that sophistication is 

crucial products’ characteristic in food and machinery sector. Moreover, machinery 

represents the major exporting sector and therefore it is crucial to apply policies 

which will promote quality sustaining or quality improvement in order to remain 

major exporter position of the EU in these articles. 

Even though this thesis provide complex analysis of sophistication of exports, it also 

opens a possibility for further research. The study of quality on product-level would 

detect interesting differences within one industry and it can emphasize products with 

major dependence on quality.  The same interesting results can be received form 

firm-level research. Further, the assessment of sophistication in other geographical 

areas and unions would enable in-depth comparison between countries. 
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Appendix 
 

List of SITC codes 
SITC total All Commodities 

     SITC_0 Food and live animals 

    SITC_1 Beverages and tobacco 

    

SITC_2 

Crude materials, inedible, except 

fuels 

   

SITC_3 

Mineral fuels, lubricants and related 

materials 

  SITC_4 Animal and vegetable oils, fats and waxes 

  

SITC_5 

Chemicals and related products, 

n.e.s. 

   

SITC_6 

Manufactured goods classified chiefly by 

material 

  

SITC_7 

Machinery and transport 

equipment 

   

SITC_8 

Miscellaneous manufactured 

articles 

   

SITC_9 

Commodities and transactions not classified elsewhere in the 

SITC 

 

Division between old and new EU member countries 
old member countries new member countries 

Belgium Malta 

Netherlands Cyprus 

Luxembourg Estonia 

France Latvia 

Italy Lithuania 

Germany Poland 

Ireland Czech Republic 

United Kingdom Slovakia 

Denmark Slovenia 

Greece  Hungary 

Spain Bulgaria 

Portugal Romania 

Austria Croatia 

Sweden   

Finland   
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List of country codes 
country code country code 

Austria AUT Hungary HUN 

Belgium BEL Ireland IRL 

Bulgaria BGR Italy ITA 

Cyprus CYP Lithuania LTU 

Czech Republic CZE Latvia LVA 

Germany DEU Malta MLT 

Denmark DNK Netherlands NLD 

Spain ESP Poland POL 

Estonia EST Portugal PRT 

Finland FIN Romania ROM 

France FRA Slovakia SVK 

United Kingdom GBR Slovenia SVN 

Greece GRC Sweden SWE 

Croatia HRV 

   

 

Complete estimation list of the main equation (5.19) 
lnSitc_total 

    

 

 ln_dist -1.512 

   

 

 

 

(22.06)** 

  

 

 lang 0.455 

   

 

 

 

(2.33)* 

   

 

 col_history 0.035 

   

 

 

 

-0.22 

   

 

 AUT     1.0000 3.593 

 

HUN 3.34  

 

 

(15.97)** 

 

 (14.84)** 

BEL 4.458 

 

IRL 3.324  

 

 

(19.11)** 

 

 (15.41)** 

BGR 2.435 

 

ITA 5.271  

 

 

(11.13)** 

 

 (23.95)** 

CYP 0 

 

LTU 2.013  

 

 

(.) 

  

 (9.12)** 

CZE 3.627 

 

LVA 1.383  

 

 

(16.05)** 

 

 (6.29)** 

DEU 5.964 

 

MLT -0.236  

 

 

(25.51)** 

 

-1.09  

 DNK 3.357 

 

NLD 5.114  

 

 

(15.17)** 

 

 (23.07)** 

ESP 2.136 

 

POL 4.255  

 

 

(9.92)** 

 

 (19.01)** 
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EST 4.589 

 

PRT 3.468  

 

 

(21.04)** 

 

 (16.16)** 

FIN 3.291 

 

ROM 3.17  

 

 

(15.20)** 

 

 (14.43)** 

FRA 5.128 

 

SVK 2.999  

 

 

(22.63)** 

 

 (13.30)** 

GBR 4.855 

 

SVN 1.979  

 

 

(20.79)** 

 

 (8.78)** 

GRC 2.71 

 

SWE 3.946  

 

 

(12.53)** 

 

 (18.06)** 

HRV 0.86 

   

 

 

 

(3.84)** 

  

 

 

     

 

 Observations 702 

   

 

 R-squared 0.9 

   

 

 Absolute value of t-statistics in parentheses  

 * significant at 5%; ** significant at 1%  

  


