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Abstract   
 
Quality of products is considered as the best guarantee for long-term competitiveness of 
firms and countries. This paper investigates the determinants of the quality of goods 
traded by the European Union by using panel data econometric techniques. Intra-EU 
bilateral trade flows are studied at a detailed sectoral level.  
 
Our findings confirm the importance of exporters’s and importer’s income for the quality 
of trade. Next, quality of traded goods diminishes if trading partners are located further 
apart. 
 
In particular we focus on the role of technological innovation. In addition to domestic 
innovation it appears that international technological spillovers play a major role for the 
quality of European exports. Nevertheless the importance of technological spillovers 
depends on the location and the size of the exporting EU countries. Moreover major 
sectoral and geographical differences are found. These findings are robust for the choice 
of technology indicators, the model specification and the technological transmission 
mechanism. 
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1. INTRODUCTION 
 
1.1. Motivation: European Trade, Quality and Technology 
 
The European integration process intensified trade among the European Union (EU) 
countries. Regional trade liberalisation, followed by the internal market programme, has 
removed most barriers to intra-EU trade. Hence, competitiveness and international 
performance in the EU are gradually more driven by efficiency and quality of production.  
 
This paper contributes to the empirical literature on “quality and trade” by looking into 
the determinants of quality in international trade. By doing so, we investigate the 
relationship between two stylized facts: first, the extensive evidence that quality of 
production and exports differs across countries, and secondly, the observation that 
technological innovation – both domestic innovation and international spillovers – have a 
large impact on economic performance. Since there may be many reasons why quality of 
production and exports may differ across countries, we have to be selective in our 
approach. In particular we investigate the role of domestic and foreign technological 
spillovers on quality differences in intra-European trade. 
 
Our findings confirm the role of exporter’s and importer’s income on the quality of traded 
goods. Moreover, quality of exports diminishes if trading partners are geographically 
more distant from each other. Both domestic innovation and international technological 
spillovers appear to enhance the quality of European bilateral exports. 
 
This paper is structured as follows. The next section gives an overview of the main 
arguments in the literature regarding the two connected topics. First, the findings about 
the relationship between quality and trade are summarized. Then some justification is 
given for focusing on technological spillovers. Section 3 discusses the empirical 
methodology applied in this paper. The results of the analysis are shown in Section 4. 
Section 5 concludes. 
 
2. LITERATURE 
 
2.1. The Quality of International Trade 
 
The theoretical trade literature recognizes the role of quality differences as source of 
international trade. Inspired by Linder (1961), many authors have contributed to this 
literature in recent years. Linder postulates that richer countries tend to spend more on 
high-quality goods. Assuming that producers benefit from closeness to demand, those 
richer countries have a comparative advantage in the production of high-quality goods. 
Countries with similar incomes consequently trade more with each other. Hence product 
quality is a driving force for international trade patterns. Several theoretical (general 
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equilibrium) models have formalized the Linder hypothesis or related arguments (e.g., 
Falvey and Kierzkowski, 1987 and Stokey, 1991).  
 
Many theories focus on quality as a supply-side phenomenon. Quality itself is a source of 
comparative advantage, but it is often neglected as a separate determinant of trade flows 
as it stems from endowment or productivity differences.  
 
Nevertheless, a considerable part of this theoretical literature focuses on the demand for 
quality. Flam and Helpman (1987) develop a formal model with North-South trade. 
Quality is part of the individual’s utility function. Assuming that richer countries have a 
comparative advantage in producing high-quality goods, the overlap of income 
distributions between north and south is shown to be a source of trade. Several authors 
extend the Flam-Helpman model using income differences as source of trade between 
poor and rich countries (e.g., Copeland and Kotwal, 1996 and Murphy and Shleifer, 
1997). More recently, Fan (2005) develops a model with a combination of economies of 
scale and different quality preferences. He formally shows that this combination explains 
the observed trade patterns of intra-industry trade. 
 
Also the empirical literature on quality differences in international trade is growing. 
Unfortunately not all studies show good empirical scrutiny. Three recent, influential 
papers are Schott (2004), Hummels and Klenow (2004) and Hallak (2005). Based on 
different methodologies, Schott (2004) and Hummels and Klenow (2004) find support for 
the supply-side Linder-relationship between income and quality. Hallak (2005) puts 
forward a testable empirical framework for this relationship. Contrary to many earlier 
attempts, often based on a gravity approach (for an overview, see e.g., Leamer and 
Levinsohn, 1995), he focuses on the relationship between income and aggregate demand 
for quality. Despite this new approach, his findings provide again evidence in favour of 
the theoretical prediction.  
 
Finally, quality perceptions may even be a sufficient explanation for trade performance as 
shown by Crozet and Erkel-Rousse (2004) based on survey data for four European 
economies. 
 
 
2.2. International Technological Spillovers 
 
International technological spillovers are a fundamental characteristic of globalization. 
Both productivity and growth are positively influenced by such international spillovers. 
Their impact may sometimes even exceed the impact of domestic innovation (e.g. Coe 
and Helpman, 1995).  
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There are several ways in which such spillovers may take place. The literature typically 
distinguishes between two channels of international technological diffusion (for an 
overview, see e.g., Keller (2004)).  
 
The first channel is called the trade-channel. Within the trade-channel there are two 
complementary views. On the one hand, countries learn from each other by importing 
goods and by subsequently studying the new embedded technology, or by simply 
importing advanced intermediate goods. According to this first view, higher intra-sectoral 
imports increase the probability of technological spillover effects. On the other hand, 
countries may import specialized machinery useful for the production of innovative 
goods. Hence, higher bilateral imports of machinery enable more technological spillovers. 
 
The second channel is the investment-channel. Domestic firms learn from the presence of 
foreign firms thanks to specialized employee training, delivery contracts in exchange for 
new knowledge etc.  
 
 
3. EMPIRICAL METHODOLOGY 
 
3.1. Measuring Quality in International Trade 
 
Direct measures of product quality are hardly available, and certainly not on a large-scale 
international basis. The empirical literature therefore relies on price information in order 
to derive insights about quality characteristics.  
 
International trade statistics are particularly useful for this purpose as they generally 
contain both the value and the quantity traded between any two countries, disaggregated 
at the sectoral level. By dividing the value by the quantity we get unit values. We can 
calculate these both for exports and for imports. 
 
Several authors use these unit values for studying quality (see e.g., Hummels and 
Klenow, 2004). International comparison of these unit values per product provides 
insights into the relative quality of each country’s exports or imports.  
 
We will apply this unit-value methodology, but we use it in an adapted way more useful 
for the purpose of this paper. This methodology is often used in empirical research about 
intra-industry trade (within-sector trade). Advanced economies are characterised by high 
levels of trade within the same sectors. This overlapping trade is the result of several 
demand and supply side characteristics. On the demand side, one mostly assumes that 
consumers have a love for variety and that international preferences are identical. On the 
supply side economies of scale lead to international specialization in the production of 
one (or more)  particular variety (varieties). Trading these varieties causes two-way or 
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intra-industrial trade. These varieties can typically differ in terms of product 
characteristics (size, color, design, …) or in terms of quality. The former case leads to 
horizontal product differentiation (horizontal intra-industry trade) whereas the latter 
results in vertical product differentiation (vertical intra-industry trade). The methodology 
used to calculate the relative importance of horizontal versus vertical intra-industry trade, 
is useful for the purpose of this paper too. 
 
By comparing prices for similar products exported and imported by the same country, we 
get an insight into the relative international pricing of goods. In a situation of no trade 
barriers, like in the EU, price differences between exports and imports reflect quality 
differences, as rational consumers are only willing to pay more for similar goods if the 
higher price is compensated for by higher quality. Hence, our applied methodology is 
based on a comparison of unit values for exports and unit values for imports. In 
particular, we calculate the following ratio of both unit values for each product n traded 
between any pair of countries: 
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We define threshold levels to this ratio in order to determine whether goods are high-
quality. Again we follow the intra-industry literature and take the most strict threshold 
level that is commonly used, i.e. 25 %. Although the choice of this threshold level is 
arbitrary, most authors do not find a significant impact on the results when changing the 
threshold level. This means that exports of good n by country i to country j at time t are 
considered to be high-quality if 
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Given the large number of observations it does not make sense to show these individual 
results here. There are available upon request. Instead, we focus in this paper on the 
regression analysis, as explained in the next paragraph. 
 
 
3.2. Empirical Model and Data  
 
Note that it is very important that we calculate this unit value ratio at a very disaggregated 
level. Bilateral trade data are taken from UN COMTRADE (2006), disaggregated by 
sector at the 5-digit SITC rev.3 classification. The use of such a very detailed product 
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classification minimizes composition problems, the so-called aggregation bias. We 
concentrate on manufacturing data only. 
 
Studying these unit values ratios at this disaggregated level is an interesting study itself. 
However, these detailed data cannot be used directly in a regression analysis. Hence, in 
order to investigate the determinants of quality differences, we have to work at less 
aggregated sectoral levels at which quality of international trade can be related to other 
economic and sector-specific variables. Therefore we map these 5-digit SITC trade 
statistics (goods n) into the 2-digit ISIC rev.3 classification (sector z). 
 
We estimate the following empirical model for high-quality sectoral bilateral trade: 
 
 

ijztijztijjtitijzt SPILLTECHDYYHQE εββββββ ++++++= 543210  
 
Where 
 
 

ijztHQE  is the share of high-quality exports in total exports from country i to 
country j in sector z at time t 

itY  is the exporter’s income per capita at time t 

jtY  is the importer’s income per capita at time t 

ijD  is the geographical distance between country i and j 

TECH is an indicator of sectoral technological comparative advantage of 
country i relative to country j in sector z at time t (for definitions see 
data section) 

SPILL is an indicator of technological spillovers (for definitions see data 
section) 

ijztε  is the i.i.d. error term 

 
 
This model studies the impact of technology on the quality of international trade, apart 
from income and distance effects. We use data for 18 EU countries that are also member 
of the OECD (for data reasons). Hence all EU-25 countries are included in the analysis 
except for the Baltic States, Cyprus, Malta and Slovenia. Moreover we merge Belgian 
and Luxembourg data into one country-level observation as statistics are often recorded at 
the BLEU (Belgian-Luxembourg Economic Union) level. We construct a panel data set 
since we use data for the period 1995-2003. The combination of 18x17 country pairs, 9 
years and 24 ISIC-sectors provides us theoretically with a dataset of 66096 observations. 
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This number is however reduced by missing values in some of the variables used in the 
analysis. 
 
The dependent variable, the share of high-quality exports in total exports from country i 
to country j in sector z at time t, is calculated from the unit values mentioned above. For 
each sector z, we calculate the sum of exports of goods n, belonging to sector z, with a 
unit value ratio larger than 1.25, and divide this sum by the total value of exports in the 
sector. The resulting percentage is an indicator of the relative importance of high-quality 
exports in total exports.  
 
One caveat should be mentioned for the construction of this indicator. Although intra-
industry trade is a widespread phenomenon in the EU, not all products are traded on a 
two-way basis. Therefore we made a necessary modification to the indicator according to 
the following reasoning. In case of strictly positive exports, but zero imports, we assume 
that these exports are completely the result of quality supremacy by the exporter. Hence 
we add the entire export volume to the denominator of the indicator, increasing the 
percentage of high-quality exports. In the opposite case, with strictly positive imports but 
zero exports, we assume that the country is dominated by high-quality foreign producers. 
If we ignore this fact, as we do by only taking into account total exports in the nominator 
of the indicator, we may be too positive about the trade performance of the country. 
Nevertheless, we neglect this problem for the moment, as for the time being we are only 
interested in the determinants of high-quality exports. We leave this matter up to further 
research. 
 
We regress the high-quality trade variable on the typical gravity-like determinants of 
international trade, income and distance. To this specification we add indicators of 
technological innovation. Fixed effects (exporter, importer, sector, year) are added during 
the estimation as well. 
 
We do not use income per capita among the independent variables to give the model a 
flavour of a sectoral gravity model. Instead, there is a fundamental reason why income 
should be corrected for. Prices differences may be caused by others reasons than quality 
differences. Even if all barriers to trade are removed, like in the EU, there remain 
economic reasons why goods have different prices for similar goods. We do not intend to 
control for all these reasons, including tax differences, distance to production facilities 
etc. However, income differences may explain a large part of the price variation that is 
not due to quality differences. Therefore we add the income per capita variables to the 
model specification. 
 
We use distance in the specification as Hummels and Skiba (2004) find that the quality of 
exports increases with the distance between trading partners. Their finding is a 
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confirmation of the so-called Alchian-Allen conjecture. In this paper we check the 
validity of this conjecture for intra-European trade. 
 
Our main interest, however, goes to the role of technological innovation. We make a 
distinction between domestic innovation and the (potential) benefits from international 
technological spillovers. 
 
Domestic technological innovation is measured in three alternative ways: 

- the share of R&D expenditures of sector z in total value added in manufacturing 
in the exporting country divided by the share of R&D expenditures of sector z in 
total R&D expenditures in manufacturing in the importing country (indicator 1) 

- the share of value added of sector z in total value added in manufacturing in the 
exporting country divided by the share of value added of sector z in total R&D 
expenditures in manufacturing in the importing country (indicator 2) 

- the share of US patent grants to firms from the exporting country active sector z 
in the total number of US patent grants to firms from  the exporting country 
divided by the share of US patent grants to firms from the importing country 
active sector z in the total number of US patent grants to firms from  the -
importing country (indicator 3) 

 
The first of these indicators is an input-indicator. Firms investing more in research and 
development are able – if successful – to increase the quality of their production. The 
other two indicators are output-indicators. Successful innovation increases the value 
added of the sector and leads to application for patent protection. We use these different 
definitions as a robustness check for our findings. 
 
In order to calculate technological spillovers, we use again the sectoral patent data. We 
construct two sectoral indicators for technology spillovers, corresponding to the two 
spillover channels mentioned in the literature overview: 

- the number of patents granted to the trading partners of the exporting country in 
sector z, weighted by the share of their imports in total imports of the exporting 
country 

- the number of patents granted to the trading partners of the exporting country in 
sector z, weighted by the share of their FDI stocks in total FDI stocks (originating 
from OECD countries) of the exporting country 

 
Income data are from IMF. Distance is defined as the great circle distance. Patent data are 
from USPTO (conversion from USSIC). We use US patent data since the American 
market is considered to be a good proxy for the world market. The data are originally 
classified in USSIC, but a apply a correspondence to ISIC based on shipment data (details 
available on request). R&D expenditures and FDI data are taken from OECD databases, 
respectively STAN and the Foreign Direct Investment Database. 
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4. RESULTS 
 
Table 1 shows the results from regressing the indicator of high-quality exports on income 
and distance. These basic results clearly indicate that richer exporting countries – on 
average – export more high-quality goods. This observation is in line with the hypothesis 
that richer countries have a comparative advantage in the production of high-quality 
goods. Also richer importers buy more high-quality goods abroad, although the 
coefficient is smaller and less significant than the coefficient for exporter’s income. One 
can see these positive income effects as evidence that the Linder hypothesis holds for 
intra-EU exports. 
 
Table 1: The Determinants of Quality of Trade: Basic Regression Results 
 

coef. t
Exporter's Income 0.87 4.05 *
Importer's Income 0.23 2.92 *
Distance -3.78 5.45 *

Constant 19.10 2.38 *
R² 0.33
F 475.29

Dependent Variable: High-Quality Export Indicator

Fixed Effect Estimator - robust with clustering on sector-

country dimension - (*) = significant at 10 % level  
 
Similar to typical gravity finding, distance between trading partners has a significant 
negative impact on the importance of high-quality exports in total exports. Hence our 
findings are opposite to Hummels and Skiba’s confirmation of the Alchian-Allen 
Conjecture. We find that intra-European exports are characterised by higher quality if 
trading partners live closer to each other. The negative distance effect may be explained 
by our findings about the impact of income. As richer countries have a comparative 
advantage in the production of high-quality goods, high-quality producers may locate 
closer to these markets, where demand for quality is highest. Consequently, the further 
away from production, the smaller the demand for high-quality goods. Hence, the lower 
the share of low-quality exports in total exports. 
 
These basic results continue to hold once we extend the specification. Nevertheless these 
findings hide considerable cross-country and cross-sector variation. Since none of the 
variables included in the model varies across sectors, all sector-specific effects are 
captured by the fixed effects.  Apart from the fixed effects specifications we also estimate 
the model by a between effects estimation (estimation on the averages over time) and a 
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logistic regression. The latter estimation method may correct for potential biases in the 
estimated coefficients stemming from the fact that the dependent variable is restricted 
between 0 and 100. These alternative estimation methods yield similar results. Therefore 
they are not shown here. 
 
We bring sectoral variation into the equation by adding indicators of domestic 
technological innovation, specific to each sector, to the empirical model. From 
Table 2 (part A) we learn that especially the results for using US patent data 
(indicator 3) yield very promising results. Not surprisingly, domestic 
technological innovation increases the quality of bilateral exports. Nevertheless 
the size of the coefficient is relatively small. 
 
Table 2: The Determinants of Quality of Trade: Innovation and Spillovers 
 

coef. t coef. t coef. t
Exporter's Income 0.78 4.23 * 0.67 3.87 * 0.82 2.76 *
Importer's Income 0.19 3.32 * 0.17 2.01 * 0.21 2.70 *
Distance -3.67 4.39 * -4.32 5.45 * -3.67 5.45 *
Domestic Innovation - indicator 1 0.32 2.12 *
Domestic Innovation - indicator 2 0.21 1.98 *
Domestic Innovation - indicator 3 0.60 4.30 *

Constant 16.05 2.41 * 10.88 3.67 * 18.77 2.30 *
R² 0.47 0.42 0.49
F 429.30 590.20 456.10

coef. t coef. t
Exporter's Income 0.65 2.35 * 0.56 2.34 *
Importer's Income 0.16 2.04 * 0.18 1.51
Distance -3.54 2.67 * -4.89 2.80 *
Domestic Innovation - indicator 3 0.32 2.30 * 0.21 2.43 *
Int. Spillovers - Trade Channel 0.88 4.21 *
Int. Spillovers - FDI channel 0.67 2.77 *

Constant 17.90 2.60 * 9.56 1.02
R² 0.60 0.53
F 389.25 497.00

Fixed Effect Estimator - robust with clustering on sector-country dimension - (*) = significant at 10 % level

PART B

Dependent Variable: High-Quality Export Indicator
PART A

 
 
 
Finally we add indicators of international technological spillovers to the analysis. In 
Table 2 (part B) one can see that such spillovers, on average, increase the share of high-
quality exports. It is not only domestic innovation efforts that benefit an economy. 
Openness to foreign technology, both through foreign direct investment and trough 
intensive trade contacts, improves the quality of international trade. In particular the trade 
channel gets strong support from the empirical evidence. 
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These results confirm the main point of the paper. Quality differences in intra-European 
trade can be related to technological innovation. Both domestic and foreign innovation 
may have a positive impact of the importance of high-quality trade. 
 
Until now we have neglected likely sectoral and geographical differences. Therefore we 
split up our regression analysis first for each sector separately, next for each country 
separately. We find considerable variation in our estimated coefficients, both from a 
geographical and a sectoral perspective. However, at this point, no clear trends can be 
easily discovered within this variation. Therefore we leave the more in-depth analysis of 
this variation for further study. 
 
5. CONCLUSION 
 
This paper focuses on the empirical relationship between quality of trade and 
technological innovation. There exists clear evidence of quality differences in intra-
European trade. Theoretically such differences can be explained by income effects and 
the distance between trading partners. Both effects are confirmed by our empirical 
analysis for 18 EU countries in the period 1995-2003 for the manufacturing sector. Both 
exporter’s and importer’s income have a positive impact on the quality of intra-EU 
exports. Hence rich countries have both a comparative advantage in the production of 
high-quality goods and a strong demand for quality. However, the distance between two 
European trading partners has a negative impact on the quality of the goods traded. 
 
Apart from income and distance effects, we investigate the role of technological 
innovation and international spillovers. It appears that both factors influence the quality 
of intra-European exports positively. For domestic innovation this is probably no 
surprising outcome. Nevertheless it proves that government programs can rely on 
technological innovation in order to increase the quality of goods produced. Hence 
comparative advantages and export performance can be stimulated by direct policy 
measures. 
 
Moreover European trade also benefits from international technological spillovers. Both 
FDI and trade contacts provide countries with additional means to improve the quality of 
production and exports. This shows that globalization has clear positive impact on 
European economies. 
 
The extent to which innovation and international technological spillovers matter differs 
across countries and varieties. Unfortunately at this moment we cannot derive any clear 
conclusions. We leave this issue for further research.
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APPENDIX A 
 
We use the following 24 manufacturing sectors from the ISIC rev. 3 Classification 
in this paper: 
  ISIC rev3 
Food 15 
Tobacco 16 
Textiles 17 
Wearing Apparel 18 
Leather 19 
Wood 20 
Paper 21 
Printing 22 
Energy 23 
Chemical Products 24 
Pharmacy 2423 
Rubber 25 
Mineral Products 26 
Iron and Steel 271+2731 
Non-Ferrous Metals 272+2732 
Metal Products 28 
Machinery 29 
Office 30 
Electrical Machinery 31 
Communication 32 
Medical, Precision Instruments 33 
Motor Vehicles 34 
Other Transport 35 
Furniture 36 

 
Source: OECD 
 


