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Abstract 
 
In this thesis the relationship between product development of the German manufacturing 
industry and the rapid German export growth is analyzed. By a segmentation of the German 
export according to international competitiveness, differences in characteristics of the differ-
ent segments are analyzed. Positive for Germany is that in the time-period 2000 to 2002, 76 
out of 240 analyzed product groups were defined as experienced increased export competi-
tiveness through relative price increase; more than in any other analyzed time-period. These 
76 product groups constituted 29.5 percent of Germany’s total export value, marginal higher 
than in any other time-period.  
The analysis also shows that German product groups with increasing international competi-
tiveness through relative price increase are of higher value than products in other competitive 
segments. The international demand for product groups with increasing international competi-
tiveness through relative price increase is also higher than for other competitive segments. 
However, no general significant differences could be shown between different competitive 
segments in respect to distance sensitiveness, importance of cultural and linguistic affinity and 
EU-membership on the import share of German products. 
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Sammanfattning 
 
Denna uppsats analyserar om det finns ett samband mellan den snabbt växande tyska exporten 
och produktutveckling. Genom en segmentering av den tyska tillverkningsindustriexporten i 
relation till olika produktgruppers internationella konkurrenskraft ges en möjlighet att under-
söka skillnader mellan produktsegment med olika internationell konkurrenskraft. Analysen 
visar att i tidsperioden 2000 till 2002 definierades 76 av 240 produktgrupper ha haft en ökan-
de internationell konkurrenskraft genom en relativ prishöjning. Detta är fler produktgrupper 
än i någon annan undersökt tidsperiod. De 76 produktgrupperna motsvarar 29,5 procent av det 
totala tyska exportvärdet, marginellt högre än i någon annan tidsperiod.  
Produkter med ökande internationell konkurrenskraft genom en relativ prishöjning är också av 
ett högre värde per kilo export än andra konkurrenssegment. Analysen visare vidare att den 
internationella efterfrågan på dessa produktgrupper är signifikant högre än för produktgrupper 
med minskad internationell konkurrenskraft. Dock kunde inga generella skillnader mellan 
olika konkurrenssegment i relation till avståndskänslighet, kulturell och språklig affinitet samt 
EU-medlemskap på importandelen av tyska varor påvisas.  
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1 Introduction 
Today, Germany is the largest exporter in the world. Since 1997, Germany has outperformed its 
main competitors on the world export market (OECD, 2005). But can Germany’s increase in 
export be related to increased export competitiveness through innovative activity?  

With the introduction of Product Life Cycle (PLC) Theory applied in trade theory by Hirsch 
(1966) and Vernon (1967), the importance of introducing new products and the development of 
existing products have been highlighted. Export performance is not static, the intense interna-
tional competition on the world market forces firms on the export market to develop new prod-
ucts or improve existing products in order to be competitive. Hence, this development of prod-
ucts is closely connected with technological improvements. The relationship between technology 
improvements, product development and export has made a number of scholars describe export 
performance as a dynamic process (see for example Bernard and Wagner, 1997; Bernard and Jen-
sen, 1998 and Lachenmaier and Wössman, 2004). 

Since the days of reunification in 1990, Germany has experienced an increase in its export value 
of average 5.3 percent annually from 1991 to 2003. In the same time-period the German econ-
omy has only grown with average 1.3 percent annually (OECD, 2004). This combination of rapid 
export growth and low economic growth may indicate that German firms have been forced to 
concentrate efforts on the international market rather than on the domestic market. Germany’s 
export dependence has increased the academic interest within this area of research; with a special 
interest towards the connection between technological development and German export (see for 
example Siebert, 2003; Breitschopf and Grupp, 2004; Fuentes, Wurzel, and Morgan, 2004 and 
Lachenmaier and Wössman, 2004). This thesis joins this area of research; however, taking a more 
“Product Life Cycle” -approach than previous studies.  

The last decades, PLC trade theory has drawn increased attention in international trade theory. 
First extensively used in trade theory by Hirsch (1966) and Vernon (1967), PLC trade theory de-
scribes the life-time of a product, in which different stages of the product life requires different 
spatial requirements. The early stages of the PLC are associated with high investments in Re-
search and Development (R&D), hence these investments can yield high returns if new products, 
differentiating the innovator from the competitors, are brought into the international market. The 
possibility to take advantage of the price inelasticity in the early stages of the PLC provides firms 
at the micro level and countries at the macro level with an incentive to invest in R&D in order to 
improve their positions on the international market. PLC trade theory provides an alternative 
theoretical approach to assess the causes of the German export growth. If sustainable over time, 
the increase of the German export should be the effect of German firms being able to develop 
new products or product features providing them with quasi-monopolies, hence this develop-
ment requires investments in R&D.  

Previous research by Breitschopf and Grupp (2004) shows that Germany’s export is concentrated 
in export of R&D-intensive goods1. The last decades Germany has increased its net export of 
R&D-intensive products. Between 1991 and 1994 the annual average of Germany’s net export of 
R&D-intensive goods was as surplus of USD 63.7 billion. In 2000 the trade surplus from R&D-
intensive goods was increased to USD 91.6 billion, compared to an aggregate net export surplus 
of USD 77.28 billion the same year; showing Germany’s comparative advantage in the world 
market of R&D-intensive products. Fuentes et al (2004) highlight the front innovative position of 

                                                 
1 R&D-intensive goods are produced by firms investing more than 3.5% of sales in R&D. 
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Germany in Europe. Germany ranks fifth in the world in patents per capita and seventh in Gross 
Domestic Product (GDP) -expenditure on R&D. Germany does not only invest a lot in R&D, 
the German industry is world leading to transfer R&D-expenditure into innovations. The Euro-
pean Community Innovation Survey (Eurostat, 2004) places Germany second to Ireland in en-
terprises reporting product or process innovations. Though, the future of the German R&D-
intensive export may not be as bright as it seems. German R&D-expenditures of GDP have 
dropped 0.3 percentage points since the beginning of the 1990s, while the R&D-expenditure has 
increased as a whole in the Organization for Economic Cooperation and Development (OECD), 
weakening the international relative position of R&D-expenditures as percentage of GDP for 
Germany (Fuentes et al, 2004). However, Germany still places third to the U.S. and Japan in 
nominal expenditure on R&D (Breitschopf and Grupp, 2004). Another worrying tendency is that 
Germany lags behind in new areas of high-technology products. Germany’s share of patent pro-
duction in Information Communication Technology (ICT) and in Biotechnology is below aver-
age in both the European Union (EU) and in the OECD. Instead, patent production and R&D-
expenditures have been allocated to industrial sectors as the chemistry, machinery and the auto-
mobile industry (Fuentes et al, 2004) 

As been shown a number of scholars have researched the R&D-intensity in the German export. 
However, very limited research has been devoted to the relationship between German export 
competitiveness, PLC-theory and high-technological goods.   

The purpose of this thesis is to analyze if product development of the German export manufac-
turing industry can help to explain the growth in the German export value. 

In the second section of the thesis the theoretical framework is outlined. The third section pro-
vides a background to the development of the German export industry and presents the innova-
tive activity and the level of specialization of the German export industry; it does also outline the 
hypotheses of the thesis. In the fourth section the empirical methodology is presented followed 
by the fifth section which provides the analysis. Conclusions and suggestions for further research 
are presented in the sixth section. 
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2 PLC, Innovation and Export Advantages 
Today, a substantial part of export takes place between industrial countries, even 
though they export similar types of goods. In order to explain specialization of differ-
ent countries over the life time of a product, the PLC-theory has been applied in trade-
theory. This section provides a review of PLC trade theory. 

One of the first famous trade theories is the Heckscher-Ohlin-Samuelsson model (HOS-model). 
This model is based upon the comparative advantages every country has in its endowments; i.e. 
capital rich countries will export capital intensive products and labour rich countries will special-
ize in labour intensive export. (Ohlin, 1933; Samuelsson, 1953). However, Leontief (1953) 
showed in an empirical analysis of the export patterns of industrial countries that the HOS-theory 
fell short to explain patterns of intra industry trade.  

Since the HOS-model fails to explain the dynamic export relations on the world market, trade 
models which do not use differences in endowments have been introduced. One of the earliest 
trade-models which looked beyond the endowment related trade theory was presented by Posner 
in 1961. His paper introduced the discussion that trade could be caused by technological changes 
originated in one country. Posner’s discussion moved the trade theory from an ‘endowment con-
centrated’ perspective to an ‘innovation-imitation’ view. His basic assumption was that the devel-
opment of new products did not happen simultaneously in all countries, resulting in a compara-
tive technological advantage for the innovator. This lag in the spreading of technological know-
how results in temporary quasi-monopolies in which the innovator is able to generate excess 
profit from the disequilibrium on the market. The increased demand for the new product with a 
new technological content, resulting in excess demand, will give the competitors on the market 
an incentive to imitate the new technology. The complexity of the new technology and the state 
of competition in the industry before the new technology was introduced will determine how 
long the comparative technological advantage will last. However, even if an industry in one coun-
try loses its temporary trade disequilibrium advantage, the short-term competitive advantage can 
result in the creation of innovative cluster. This clustering of innovation promotes the develop-
ment of new technology, resulting in new potential disequilibrium advantages (Posner, 1961). 

The problem with Posner’s technical change theory is that it sees innovation and imitation as an 
end in itself. Posner falls short to identify the complexity of international competition and its 
different characteristics. A more dynamic analysis of the competitive stages of production was 
introduced by the PLC in trade theory by Vernon (1966) and Hirsch (1967). Vernon and Hirsch 
united the PLC-theory earlier introduced for a single firm by Dean (1950) with the trade theory 
concerning differences in technology. The result was a more dynamic trade theory based on the 
different stages of the product development that require different levels of standardization. Since 
technological know-how is not equal spatial distributed and countries hold comparative advan-
tages in different stages of the PLC, trade pattern can be seen as based on the PLC-theory. The 
initial stage of the PLC is the innovative phase, where the asymmetric know-how generates tem-
porary quasi-monopolies for the innovator. During the time it takes for the competitors to learn 
the new technology the innovator will gain excess profits. As the competitors learn the new tech-
nology the production becomes more standardized. This standardization requires different skills 
and know-how than the innovative stage, resulting in that the comparative advantage may shift 
from the innovator to other suppliers, shifting the competition towards price cutting (Vernon, 
1979). 
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As the product is produced and exported, other producers learn the technology, and the produc-
tion technology is improved in accordance to the learning-curve (Grossman and Helpman, 
1991b; Coe and Helpman, 1995). As the product reaches the stage of market saturation, the new 
technology is now introduced among a majority of the producers, which makes it difficult to 
compete over product characteristics. In this stage the market share for the innovator is not 
growing anymore, instead new producers with a comparative advantage in production technology 
may enter the market, shifting the competition towards price competition. If the innovator is not 
able to compete on the new price-cutting market, its market share will decline leaving it with ex-
cess production capacity; forcing it to close down or to introduce new innovations which once 
again can provide it with temporary quasi-monopolies.  

The product cycle, and its different stages of product and price competition, can be drawn in the 
following manner (Karlsson and Larsson, 1990), see Figure 2.1. 

 
Figure 2-1 The different Stages of the Product Life Cycle 

Source: Karlsson and Larsson, 1990 

The different stages of the PLC are characterized by various forms of competition, each requiring 
different production attributes, with knowledge seen as the most important. As knowledge is not 
given, rather developed; knowledge has spatial dynamics. The importance of knowledge for eco-
nomic growth has drawn increased attention the last decades with important contributions by 
Lucas (1988) and Romer (1990). The focus of spatial dynamics has mainly been on the accumula-
tion of knowledge to a limited number of geographical locations. The spatial dynamics of knowl-
edge has a very close connection to the PLC, with geographical locations having comparative 
advantages in different stages of the PLC. 

The innovation phase of the product development takes place in the most developed and ad-
vanced regions of the world since this phase is characterized by high knowledge-intensity requir-
ing a high existing stock of knowledge and major investment in R&D. The new product, devel-
oped in the innovation phase region is gradually exported to other importing locations (Johans-
son and Andersson, 1998). As long as the new product is demanded, the innovator in the innova-

Innovation 
Stage 

Price 
Competition 

Product 
Competition 

 Market Share 

Time 

Cost-Cutting

Growth Stage 

Maturity



Export Competitiveness –Product Life Cycles and Specialization 
 

10 

tion phase will hold an innovative advantage, allowing her to have a monopoly on production. 
This monopoly allows the innovator to charge a price higher than under competition, resulting in 
excess profit. The monopoly profit is the major incentive for the individual entrepreneur to in-
vest in R&D in order to introduce new products to the market (Grossman and Helpman, 1991b).  

As more R&D-efforts are devoted to the new product, a standardization process begins, in line 
with the relationship previous discussed between the learning-curve and the PLC. With stan-
dardization, the product enters a new development phase, defined as the growth stage of the 
PLC. This stage is characterized by an increasing domestic and foreign demand, in which increas-
ing returns to scale in production gets an increased importance (Johansson and Andersson, 1998). 
However, as the production gets standardized, the knowledge behind the production is easier to 
copy; shifting the demands of the spatial production attributes. As imitation is less R&D-
intensive than innovation, imitators might be able to locate in regions, less knowledge-intensive 
than innovators (Grossman and Helpman, 1990).  

When the product has matured as an existing product on the market, in which both the produc-
tion method and the design have been standardized, the initiating region often loses its produc-
tion advantage. Instead the production moves to regions which are specialized in producing stan-
dardized products, in which very little R&D is required. The cost of production in these regions 
is often much lower than in the initiating region, giving the imitating regions a comparative cost 
advantage, allowing the region to penetrate the export market with price-competitive products 
(Johansson and Andersson, 1998). 

That the initiating region loses its production of a product as the product moves along the PLC 
might not be applicable to all products. Increased attention has been drawn to the different types 
of competition, in which the importance of quality has been highlighted by Grossman and 
Helpman (1991a), and the importance of vertical and horizontal intra-industry trade by Green-
way, Hine and Milner (1995). Grossman and Helpman claim that the innovative region can con-
tinue to successfully produce a product as long as it is able to increase the quality of the existing 
products, diversifying the product from the imitators’ products. However, quality improvements 
require R&D-efforts, which only will be undertaken if the quality improvements generate tempo-
rary quasi-monopolies, resulting in a positive return to R&D-investments. As Lancaster (1975) 
shows, diversified branding; to find customers that are willing to pay a premium for special prod-
uct features, is a potential strategy to avoid the price competition on the mass-market. Greenway 
et al show that these quality improvements, which they define as vertical product differentiation, 
are an explanatory factor to why different countries, with different production costs can produce 
and export the same type of goods.  

The PLC theory presented in this section, with its outlined connection between innovative activ-
ity and product development will be used as the underlying theoretical approach of the analysis of 
the German growth in export value.  
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3 German Export 
This section provides a background to the German export industry. It focuses on the 
historical development of German export, and the connection between German inno-
vation activity, specialization and export.  

3.1  German Export Growth 
As one of the largest economies in the world, Germany has for long been a major player on the 
world export market, although its position as an exporting nation has strongly improved. In 2003, 
Germany for the first time in modern history took the position as the largest exporter on the 
world market in respect to nominal value. The position as the number one exporter on the world 
market has been achieved through a large increase in export value since 2000, with an out-
performance of the German export industry over other technologically developed countries be-
tween 2000 and 2004 (OECD, 2005). 

As Figure 3.1 shows, the German total export value seems to exhibit growth periods, in cycles of 
different time-length in which the value of the German export grows rapidly. These periods are 
then followed by a non-growth period. The cycles in export increase for Germany are similar to 
France, although not correlated with the export growth cycles of the United States (U.S.) and 
Japan. However, the export volume in kilos does not seem to grow in cycles. Except a down-turn 
around the time-period of the German reunification in the beginning of the 1990s, Germany has 
experienced a constant growth in the export volume, see Figure 3-2. Interestingly, the German 
export value index has grown much faster than the volume index compared to the other major 
international competitors. Having the same year as base, it indicates that Germany has been able 
to increase the value per kilogram in its export faster than its main competitors.  
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Figure 3-1 Export Value Index of Selected Countries (Logarithmic Scale), 1968-2004 

Source: Sources OECD, 2005.The graph is based on the author’s own calculations. 
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Figure 3-2 Export Volume Index of Selected Countries (Logarithmic Scale), 1968-2004 

Source: Sources OECD, 2005. The graph is based on the author’s own calculations. 

Still today Germany is dependent on its heavy manufacturing industries in export; with machine 
building, automobiles and chemicals making up 37 percent of the total German export value in 
2003. The export share of these industries has been constant between 35 and 40 percent since 
1991. However, the importance of the automobile industry has steadily increased, from a total 
export share of 13.7 percent in 1991 to 18.4 percent in 2003.2  

The increased importance of the German automobile industry in the German export portfolio is 
also reflected in Germany’s surplus of R&D-intensive goods. Germany has a comparative advan-
tage in export of advanced-technology3, in which the automobile industry export constitutes a 
substantial part. Even though Germany is a technological advanced country, with a comparative 
export advantage in R&D-intensive goods; dividing R&D-intensive goods in advanced technol-
ogy and cutting-edge technology, identifies Germany as a net importer of cutting-edge technol-
ogy and a major net exporter of advanced technology (Breitschopf and Grupp, 2004). Germany’s 
strong export dependence on its heavy manufacturing industries the last decade and its strong 
positioning in the advanced technology export segment, might indicate a German dependence on 
development of existing export products rather than on the development of new high-innovative 
products for the export market. 

                                                 
2 Based on own calculations of data from the OECD’s International Trade Development Statistics, ICTS Rev-2, 
on 3-digits SITC-level.  
3 Cutting-edge technology firms devote >8.5% R&D expenditure of sales, while advanced technology firms 
devote 3.5% to 8.5% R&D expenditure of sales (Breitschopf and Grupp, 2004). 
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3.2 Innovation and Specialization in the German Export Industry 
A number of empirical studies have shown a relationship between innovation and productivity 
(See for example; Klette and Kortum, 2002, and Lööf and Heshmati, 2002). The increased pro-
ductivity in turn has been shown to increase the potential of export for the individual firm (See 
for example Bernard and Wagner, 1997; and Bernard and Jensen, 1998). Lachenmaier and 
Wössman (2004) verify the connection between innovation, productivity and export, by showing 
that German firms with at least one innovation in the previous year had on average ten percent-
age points higher export share of total turn-over than non-innovators. 

Bernard and Wagner (1998) suggest that the competition on the export market in general is more 
intensive than on the domestic market, and therefore German export firms are more productive 
and more skilled-worker-intense than domestic oriented firms. International competition is gen-
erally divided in product or price competition, with each competitive segment related to the PLC-
theory. As Siebert (2003) and Breitschopf and Grupp (2004) have shown, Germany has a com-
parative advantage in R&D-intensive export, with a concentration in advanced technology rather 
than cutting-edge technology. This comparative advantage in R&D-intensive export makes it 
possible to assume that Germany is competing over product attributes rather than price.  

Combining the theory suggesting a relationship between innovation, productivity and export with 
the empirical results identifying the German comparative export advantage to be advanced R&D-
intensive products, allows us to assume that German export performance to a large extent is con-
nected to the German export industries’ innovative capacity. But how can innovative capacity be 
measured? No academic consensus has been reached on the proxies for innovative activity. 
However, Pavitt and Soete (1980) suggest that patents and R&D-expenditures can be seen as 
general proxies for innovative activity. Acs, Anselin and Varga (2002) conclude that patents con-
stitute an accepted proxy for new technology creation by American firms. By accepting patent 
production and R&D-expenditures as proxies for innovative capacity, attention has to be drawn 
to these variables in order to analyze the German export performance.  

Germany devotes substantial private and public resources to R&D. In 2002 Germany invested 
2.5 percent of GDP to R&D, placing it seventh in relation to a number of other developed coun-
tries in the world. 31 percent of R&D came from public funds, 66 percent was privately financed 
and two percent originating from abroad (Breitschopf and Grupp, 2004). Though, not only R&D 
to GDP expenditures is of importance to measure innovative activity. The importance of en-
dogenous growth of innovation, originated from knowledge-clusters and knowledge spill-over, 
has been recognized as important determinates of innovative activity (see for example Glaeser, 
1996; Ciccone and Hall, 1996 and Dohse and Schertler, 2003). The technological know-how-
transfer within clusters results in an increasing return to scale of innovative activity. This results 
in that the nominal stock invested in R&D has consequences for the innovative activity in a 
country. In nominal expenditure on R&D, Germany places third to the U.S. and Japan 
(Breitschopf and Grupp, 2004).  

Even if the financial resources devoted to R&D in Germany are substantial, Germany has lost its 
world-leading position in R&D-investments. In 1988 Germany reached a high of 2.8 percent of 
R&D expenditure to GDP. In the late 1980s Germany was one of the countries in the world that 
devoted the largest share of GDP to R&D.   
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Figure 3-3 R&D-intensity of selected OECD-countries 1981-2002 

Source: Breitschopf and Grupp, 2004 

Since the end of the 1980s Germany has lost its leading position in R&D expenditure to GDP, 
however its growth rate of patent share in the world has been positive and larger than for the 
main international competitors between the first and the second half of the 1990s. In the second 
half of the 1990s, 19 percent of all patents in the world were German patents (Breitschopf and 
Grupp, 2004). 

The German patent production is strongly allocated to the heavy manufacturing industrial sec-
tors, as machine building, chemicals and the automobile sector, all with cumulative innovation 
characteristics. The patent production in Germany is located to industries in the advanced tech-
nology sector rather than in the cutting-edge sector, clearly showing a relationship between Ger-
many’s innovative activity and its strong export performance in this sector (Fuentes et al, 2003).  

On the individual firm-level Lachenmaier and Wössman (2004) show, by using a sample from a 
micro data set for the German manufacturing industry, that the German manufacturing industry 
is heavily oriented towards foreign markets, with 72.8 percent of the firms identifying themselves 
as exporters. The innovative performance of the German manufacturing sector is also high. 45.4 
percent of the firms reported having introduced an innovation during the last year; with innova-
tors having exported on average 32.4 percent of total production while non-innovators exported 
significantly less; 19.8 percent of production. Lachenmaier and Wössman’s empirical study shows 
that German manufacturing firms with at least one innovation the previous year had an export 
share of total turnover on average ten percentage units higher than non-innovators. 

The successful German automobile industry constitutes a good example of the German product 
competition through innovations in the international market, in which firms are forced to diver-
sify their products in order to avoid an intense international price competition. The automobile 
industry in Germany with BMW, Audi and Porsche at the forefront, has been successful to com-
bine technological improvements with a customer focused design, resulting in a good reputation 
of the German automobile industry. However, the success of the German automobile industry 
rests upon its ability to diversify itself from the international competitors, and to find product 
features segments in which the customer is willing to pay more than general. Since Germany, 
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with its high labour costs4, hardly can compete over price, the German automobile industry must 
provide the customers with special quality features in order to be able to sell its cars to a higher 
price than the competitors. If the competitors are able to copy the new product features, and 
produce them to a lower cost, Germany’s automobile industry might lose its comparative product 
advantage. The German automobile industry is dependent on continues product development 
requiring a high innovative capacity. The increased export share of the automobile industry 
shows that Germany has been successful to further develop existing products, in order to provide 
the customers with extra quality feature they are willing to pay a premium for (Peters and Becker, 
1998; Spatz and Nuennkamp, 2002). 

The discussion around the comparative export advantage of the German automobile industry 
connects to the theory around competition over quality improvements. Grossman and Helpman 
(1991a) describe a trade model in which R&D-expenditures are devoted to increase the quality of 
existing products rather than to develop new products. As low-wage countries learn to imitate 
new product features, high-wage countries are forced to develop the quality of existing products 
in order to diversify their products from the low price competitors, and thereby get away from 
the price competitive market segment. This “Quality Ladder-approach” explains why the German 
automobile industry is dependent on the quality improvements of their cars in order to be suc-
cessful on the international market; it does also highlight the direct importance of R&D in order 
for Germany to keep its leading position in the international automobile market.  

The German export data, indicating a very high importance of heavy manufacturing industries in 
export the last decade, suggests that Germany has been successful to walk the “Quality Ladder” 
in order to diversify its products from the competitors. However, it also shows that Germany the 
last decade has been less successful to develop and bring new products to the export market. 
Fuentes et al (2004), in an analysis of the German innovation activity show that the share of ICT 
production in German manufacturing is relatively low. In 2000, the share of ICT in manufactur-
ing value added in Germany was lagging behind all the main international competitors. Germany 
also invests relatively less than the main competitors in the new ICT and Biotechnology markets, 
with German patent production and R&D-expenditure lower than average in these fields of 
manufacturing in both the EU and the OECD. Taking on a longer time-perspective, this inability 
to be a successful producer of new products is something new for Germany. If analyzed, as in 
Table 3-1, what product groups that Germany has had a relative high and increasing export share 
of OECD’s export, indicating a high and growing international specialization in Germany of pro-
duction of these product groups, it shows that Germany has been able to change product group 
of specialization.  

                                                 
4 For a discussion about German labour costs in the manufacturing sector see Brauer (2003).  
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Figure 3-4 Definition of High and Growing Export Specialization within the OECD5 

Source: Developed by the author after inspiration from C. Karlsson. 

Figure 3-4 shows how products with high and increasing specialization have been defined. 

Germany’s share of OECD’s export for each product group has been calculated as Equation 3-1 
shows, where TEV denotes Total Export Value, G denotes Germany and O denotes OECD. 

Germany’s Export Share = TEVG, t/TEVO, t (Eq. 3-1) 

Equation 3-1 is applied using a fixed OECD membership of 23 countries including Germany.  

Applying the methodology outlined in Figure 3-4 and Equation 3-1 on OECD trade data on 
ICTS Rev-2 on 3-digits SITC-level to identify which product groups Germany experienced a high 
and increased export specialization in, results in Table 3-1. OECD trade data on ICTS Rev-2 on 
3-digits SITC-level includes 240 different product groups. 

 
Table 3-1 Numbers of German Product Groups with High and Increasing International Specialization 

 1961-1971 1971-1981 1981-1990 1991-2001 

Nos of product groups with high and 

increasing int. specialization 

 

44 

 

36 

 

108 

 

30 

Nos of product groups remaining from 

the previous time-period 

 

- 

 

7 

 

23 

 

16 

Nos of new product groups with high 

and increasing int. specialization since 

previous time-period 

 

- 

 

29 

 

85 

 

14 

Nos of product groups no longer de-

fined as high and increasing int. speciali-

zation since previous time-period 

 

- 

 

37 

 

13 

 

92 

Source: Based on own calculation of OECD trade data on ICTS Rev-2 on 3-digits SITC-level 

                                                 
5 The lower limit of “High Export Share” is defined as an average of the average export share of each product 
group of each single G6 country. 
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The results in Table 3-1 show a relative stable number of products in Germany with high and 
growing international specialization for all time-periods except the exceptional time-period 1981-
1990, which had a much higher number of product groups with high and growing international 
specialization. Interesting is the low number of product groups remaining from one time-period 
to the next defined as experiencing high and increasing international specialization. From Table 
3-1 it seems like Germany has been able to change product groups in which it specializes over 
time; indicating a historical dynamic rather than static international specialization of the German 
manufacturing export industry. The product groups that have experienced high and increasing 
international specialization for each time-period are to be found in the Appendix.  

If connecting the PLC trade theory and its relation to spatial dynamics and specialization with 
Germany’s trade pattern, we can conclude that Germany, with its high export share of heavy 
manufacturing industries, has specialized itself in the early stages of the PLC; although not in the 
really early stage. The German export holds a weak position in new product markets as ICT and 
Biotechnology and is a net importer of cutting-edge technology, which can be assumed belonging 
to the very innovative stage of the PLC. Germany’s export advantage seems to be vertical prod-
uct differentiation; it is able to successfully devote R&D to quality improvements. This position 
of the German export might be positive since it is less R&D-intensive to develop existing prod-
ucts than to produce new ones. The risk associated with this export pattern should be less since 
the demand of an existing product is easier to estimate than it is for a new product. However, the 
risks of an export dependence on heavy manufacturing industries are also substantial; as the the-
ory suggests it is easier to imitate products in the later stages of the PLC than in the early innova-
tive stage.  

3.3 The Individual Firm’s Export Decision 
So far PLC-theory and its effects on trade and specialization have been discussed from a macro 
economic perspective. However, the PLC dynamics have implications for the individual firm’s 
export decision as well. We can assume that the single firm is interested to participate on the ex-
port market as long as exporting yields a positive profit which is higher than if the same quantity 
would be sold on the domestic market. Using Bernard and Wagner (1998), the exporting firm 
receives profit, if we assume no fixed costs, equal to 

Π*(Xt, Zit) = pt
* * q*

it – cit(Xt, Zit|q*
it)  (Eq 3.2) 

where pt
*
 is the price on the export market, q*

it is the quantity exported and cit is the variable cost. 
Variable cost is a function of exogenous factors, such as exchange rate denoted Xt, and endoge-
nous firm specific factors denoted Zit.  

However, the PLC-theory and a number of presented empirical studies of the German manufac-
turing industry, show that export is correlated with innovation activity. As innovation activity 
requires investment in R&D, export may be considered to bear a fixed cost, denoted as R&D*, 
see Equation 3.3. If we assume that the competition on the international market is more intense 
than on the domestic market; R&D-investments in order to be competitive on the international 
market may be assumed to be higher than on the domestic market, R&D* > R&D. Resulting in 
the export profit function 

Π*(Xt, Zit) = pt
* * q*

it – cit (Xt, Zit|q*
it) – R&D* (Eq 3.3) 
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Given PLC-theory, R&D has to be treated as an investment, which has the possibility to result in 
new products, or product features which generate monopoly profit, resulting in that pt

* and q*
it 

might be seen as a function of R&D-expenditure.  

Π*(Xt, Zit, R&D*
 ) = (pt

* * q*
it,|R&D*) – cit (Xt, Zit|q*

it) – R&D* (Eq 3.4) 

If we assume that price and quantity on the domestic market also is a function of R&D invested, 
but R&D* > R&D. The local market profit function will be 

Π( Zit, R&D) = (pt * qit,|R&D) – cit (Zit|qit) – R&D (Eq 3.5) 

where pt is the domestic price, qit is the domestic sold quantity, and we assume the same variable 
cost for domestic production and with the same firm-specific factors; although, without exoge-
nous effects on the domestic market. Given the domestic profit function, if we assume finite 
production, which requires the firm to chose which market; the domestic or the export market to 
supply to, the firm will decide to invest in R&D in order to compete on the export market as 
long as the profit from selling the same quantity on the export market is larger than from selling 
it on the domestic market and the R&D expenditure yields a positive return, see Equation 3.6 
where δ denotes the derivative of the function. 

Π*(Xt, Zit, R&D*
 ) > Π( Zit, R&D) and δ Π*(Xt, Zit, R&D*

 )/ δ R&D* > 0 (Eq 3.6) 

From Equation 3.2 to 3.6, we can conclude that the individual firm may be influenced in its ex-
port decision by its ability to innovate products which generate a quasi-monopoly on the interna-
tional market, the demand on the domestic market and/or exogenous effects such as exchange 
rate fluctuation. The amount of profit generated from the quasi-monopoly will be determined by 
how fast the new innovation will be imitated. Important for the firm’s export decision is also 
previous export experience, since the export decision to a large extent is dependent on the inter-
national business network of the single firm (Bernard and Wagner, 1998).  

Linking the above discussion with the German high export value growth, three main possible 
factors to the increase in export value can be outlined.  

1. German firms’ innovative activity has resulted in new products or new product features, 
which diversified German products from the international competition, resulting in in-
creased export revenues.  

2. The weak economic growth of the domestic market since the beginning of the 1990s has 
resulted in that the export market yields higher profits, resulting in an increased foreign 
orientation of German firms. 

3. Exogenous factors, as exchange rate fluctuation and the reduction of obstacles to trade, 
by the WTO and the EU can explain the German increased growth. 

The first factor is the most positive, since if it would be true it would indicate that German firms 
had increased their international competitiveness through product development rather than price 
competition. 
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3.4 Hypotheses 
As discussed in Section 3.3, the German export growth may be explained by a number of possi-
ble factors.  

The purpose of this thesis, as outlined in the Introduction, is to analyze if successful product 
development and specialization can help to explain the German export value growth. Given the 
theory presented, a relative price increase of export compared to the international competitors, 
not met with an equal reduction in exported quantity, can only take place through product devel-
opment or introduction of new products. However, as presented in the theory, product devel-
opment and introduction of new products require investments in innovative activities.  

In order to analyze which product groups that can be defined as gone through a product devel-
opment, this thesis segments the German product groups if they have experienced increased ex-
port competitiveness or not for different time-periods. Increased export competitiveness can take 
place through a relative price increase compared to the competitors or a quantity increase relative 
to the competitors. Increased export competitiveness through relative price increase indicates 
that the German export has a more inelastic demand than the competitors. Given theory, this 
lower price elasticity is due to a product diversification, originating from innovation activities.  

By the segmentation of the German export in different competitive segments, the significance of 
the first possible factor of the increase in the German export value, presented in Section 3.3, is 
analyzed.  

Treating Germany as a developed country, if the German increase in export value shall be seen as 
positive and sustainable, increased export competitiveness should mainly take place in high-
technological products with a high value-added. Germany should, if successful, be able to experi-
ence increased export competitiveness through price increase with its most high-technological 
products. These assumptions have been constituted as hypotheses 

1. If the German export increase is related to product development and introduction of new 
products, the fast increase of the German export value should be the result of more and 
more products, representing a larger share of Germany’s total export value identified as 
experiencing increased international competitiveness through a relative price increase.  

2. Products experiencing increased export competitiveness through price increase should 
have a higher average unit value per kilogram, indicating their high-technological content, 
than products with increased export competitiveness through quantity increase, which in 
turn have a higher average unit value than products with decreased export competitive-
ness.  

The second section of the analysis is focused on the international demand for the different com-
petitive segments of the German export. By using the import share (for both value and volume 
shares) of German products in 22 OECD countries6, the distance sensitiveness and the impor-
tance of cultural and linguistic affinity respective the importance of free trade through EU-
membership for the different competitive segments of the German export are analyzed.  

The analysis of the characteristics of the import country is constituted as a gravity model, further 
explained in Section 4.1, with the following underlying hypotheses: 

                                                 
6 The 22 countries plus Germany are to be found in the Appendix. 
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3. Products defined as experiencing increased international competitiveness through price 
increase shall have a higher import share than other competitive segments, indicating the 
quasi-monopolistically position of these products on the world market. 

4. Products defined as experiencing increased international competitiveness through price 
increase should be less distance sensitive than other competitive segments. The product 
differentiation of these products on the international market should result in that cultural 
and linguistic affinity and free trade through EU-membership should influence the import 
share less than for other competitive segments.  
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4 German Export Competitiveness and the PLC 
Given the outlined possible factors of the increased German export, this section intro-
duces a model to analyze if successful product development can help to explain the 
German export value growth. 

4.1 The Empirical Models 
In order to segment the German export in relation to international competitiveness a model 
based on Karlsson and Larsson (1990) and Johansson and Westin (1993) have been constructed. 
They use a segmentation of export products under product competition and price competition, 
where α = trade ratio and β = trade price-ratio. 

α = pexe/pmxm (Eq 4.1) 

β = pe/pm (Eq 4.2) 

p = price 
x = quantity 
e = export 
m = import  

 

If studied over time an increase in both α and β provides evidence of product competition while 
a decrease of α and β is evidence of price competition.  

This thesis uses a segmentation similar to the product and price competition segmentation used 
by Karlsson and Larsson (1990) and Johansson and Westin (1993). Though, it segments the Ger-
man export in product groups with increased export competitiveness over price increase (IECp), 
increased export competitiveness over quantity increase (IECq), and decreased export competi-
tiveness (DEC). The segmentation is based upon a trade quantity-ratio (tqr) and a trade price-
ratio (tpr).  

 

tqr = xe/xm (Eq 4.3) 

tpr = pe/pm  (Eq 4.4) 

 

The percentage change over time of the three variables is used to define IECp, IECq and DEC. 
IECp = ((tqrt+1 – tqrt) / tqrt) + ((tprt+1 – tprt) / tprt) > 0 (Eq 4.5) 

and 
((tqrt+1 – tqrt) / tqrt) < ((tprt+1 – tprt) / tprt) 

 

IECq = ((tqrt+1 – tqrt) / tqrt) + ((tprt+1 – tprt) / tprt) > 0 (Eq 4.6) 
and 

((tqrt+1 – tqrt) / tqrt) > ((tprt+1 – tprt) / tprt) 

  

DEC = ((tqrt+1 – tqrt) / tqrt) + ((tprt+1 – tprt) / tprt) < 0 (Eq 4.7) 
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The three segments can also be identified if the percentage changes of tqr and tpr are plotted as in 
Figure 4.1. 

 
Figure 4-1 International Competitiveness Segmentation Model of the German Export 

Source: Developed by the Author  

In order to analyze the characteristics of the importing countries of the German export, a gravity 
model is constructed with the dependent variable; the import share of German products, with 
dummy variables for products belonging to the IECp- or IECq-segment. The model analyzes the 
elasticity effects of distance on the import share of German products. Import share of German 
products has been chosen as dependent variable since it is a relative measure against the competi-
tors; providing a better measurement of Germany’s international competitiveness. Equation 4.8 
includes dummy variables to analyze the effects of cultural and linguistic affinity with Germany 
and EU-membership of the importing country.  

ln(ISi,c) = α + β1ln(Distancec) + β2DIECp + β3DIECq + β4DEU + β5DB + β6DL + εi,c (Eq 4.8) 

ISi,c =  Import Share of German product i, of country c 
α =  Intercept  
Distance,c =  Distance from the economic centre in Germany to the economic centre in country c 
DIECp =  Dummy for the product group belonging to the IECp segment of the German Export 
DIECq =  Dummy for the product group belonging to the IECq segment of the German Export 
DEU =  Dummy for the importing country being a member of the EU 
DB =  Dummy for the importing country sharing a common boarder with Germany 
DL=  Dummy for the importing country having German as national language 
εi, c, t = Error-term 
 

+

+

IECp

tp
r 

tqr 

IECq 
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In order to analyze if there are differences in export characteristics between different competitive 
segments, Equation 4.9 is constructed.  

ln(ISi,c) = α+ β1ln(Distancec) + β2DEU + β3DB + β4DL + εi,c (Eq 4.9) 

ISi,c=  Import Share of German product i, of country c 
α =  Intercept  
Distancec =  Distance from the economic centre in Germany to the economic centre in country c 

DEU =  Dummy for the importing country being a member of the EU 
DB =  Dummy for the importing country sharing a common boarder with Germany 
DL=  Dummy for the importing country having German as national language 
εi, c = Error-term 
 

Equation 4.9 is utilized separately for the three different competitive segments, resulting in a pos-
sibility to compare elasticises and dummy variables for different competitive segments of the 
German export.   

In order to test the reliability of the unconventional gravidity models constructed in Equation 4.8 
and 4.9, two conventional gravity models are constructed with the dependent variable import 
value of German products, see Equation 4-10 and 4-11. Equation 4-11 is constructed with two so 
called interaction variables. By applying the interaction variable it is possible to analyze if the 
IECp has a significant different GDP elasticity and distance elasticity than the rest of the sample.  

ln(IVi,c) = α + β1ln(Distancec) + β2ln(GDPc) + β3DIECp  + β4DEU + β5DB + β6DL + εi,c (Eq 4.10) 

IVi,c =  Import Value of German product i in USD, of country c 
α =  Intercept  
Distancec =  Distance from the economic centre in Germany to the economic centre in country c 

GDPc = Nominal GDP in USD of country c 

DIECp =  Dummy for the product group belonging to the IECp segment of the German Export 
DEU =  Dummy for the importing country being a member of the EU 
DB =  Dummy for the importing country sharing a common boarder with Germany 
DL=  Dummy for the importing country having German as national language 
εi, c= Error-term 
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ln(IVi,c) = α + β1ln(Distancec) + β2ln(GDPc) + β3ln(DIECp*GDPc) + β4ln(DIECp*Distancec) + β5DEU + β6DB 
+ β7DL + εi,c (Eq 4.11) 

IVi,c =  Import Value of German product i in USD, of country c 
α =  Intercept  
Distance,c =  Distance from the economic centre in Germany to the economic centre in country c 

GDPc = Nominal GDP in USD of country c 

(DIECp*GDPc) =  Interaction variable between the IECp-segment and GDP 
(DIECp*Distancec) = Interaction variable between the IECp-segment and distance 
DEU =  Dummy for the importing country being a member of the EU 
DB =  Dummy for the importing country sharing a common boarder with Germany 
DL=  Dummy for the importing country having German as national language 
εi, c= Error-term 
 

4.2 Data 
The trade data utilized in the empirical models is data collected for 23 OECD countries from 
OECD’s International Trade Data (ICTS). The data collected is from SITC revision 2, on three 
digits SITC-level, resulting in 240 different product groups. The ICTS data-base provides statis-
tics for value of export measured in USD and volume of trade in tons. Data has been collected 
for each year from 1980 to 2002, for which average unit value of export in dollars per kilogram 
has been calculated for each product group and time-period. The time-periods are constructed in 
six years intervals except the time-periods 1991-1995 and 2000-2002.7 It would also been possible 
to choose the growth periods in the German export as time-intervals, but as only the export value 
and not the export volume is growing in cycles, this has not be done. 

The gravidity models use statistics for 23 OECD-members. Due to the statistical method used by 
the OECD, Belgium and Luxembourg have been aggregated together, resulting in statistics from 
22 importing OECD countries of German products. A list of the OECD countries can be found 
in the Appendix. 

The statistical data over distance is collected from Centre D’etudes Prospectives et 
D’Information Internationales (CEPII). 

Since Equations 4.1 and 4.2 include a dummy for membership in the EU, year of entry of the 
importing country into the EU is of interest. Sweden, Finland, Austria, Spain, Portugal, which all 
became members in the concerned time-period of the study (1980-2002) are viewed as members 
of the EU after first time-period of membership in the EU, i.e. Greece 1980-1985, Portugal and 
Spain 1985-1990 and Sweden, Finland and Austria 1995-2000.  

Equation 4.8, 4.9, 4.10 and 4.11 are tested for by use of Ordinary Least Squares. 

 

                                                 
7 The general segmentation and the product groups that have been defined as belonging to the IECp-segment in 
each time-period are to be found in the Appendix. 
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5 Analysis 
This section presents the analysis of the empirical methodology presented in Section 
4. The first part of the section analyzes differences in average unit value per kilogram 
between industrial segments with different international competitiveness. The second 
part analyzes the different demand characteristics according to competitiveness.  

5.1 International Competitiveness and Product Development 
Earlier in this thesis a number of possible factors for the German increase in export the last dec-
ades have been outlined. In order to empirical test the relationship between the increased Ger-
man export value and product development in the German export, an analysis of the average 
value per kilogram has been used. The German export has been segmented according to Equa-
tion 4.1 to 4.6 in order to identify the industrial segments which have experienced increased ex-
port competitiveness through price increase (IECp), through quantity increase (IECq), or the 
industrial segments that have experienced decreased export competitiveness (DEC). 

 
Table 5-1 Number of Product Groups and Total Export Value (TEV) of Product Groups according to International Competitiveness, 1980-
2002 

  
1980-1985 1985-1990 1991*-1995 1995-2000 2000-2002 

 Product 
Groups 

% of 
TEV 

Product 
Groups 

% of 
TEV 

Product 
Groups 

% of 
TEV 

Product 
Groups 

% of TEV Product 
Groups 

% of TEV 

IECp 49 28,1% 40 5,5% 66 27,5% 36 7,2% 77 29,5% 

IECq 52 25,4% 118 87,5
% 

83 
43,1% 

106 45,4% 108 51,7% 

DEC 111 28,6% 61 6,4% 83 26,7% 91 46,0% 48 17,7% 

Missing 28 17,9% 21 0,6% 6 2,7% 3 1,5% 3 1,0% 

* = The time-period change is due to the classification change in Sources OECD between 1990 and 1991.  
 
 

As Table 5-1 shows, the German export industry has increased its overall international competi-
tiveness over time; with less industrial segments, accounting for a smaller Total Export Value 
(TEV), belonging to the DEC-segment. Most important in relation to the hypotheses is that the 
German export industry has increased the number of product groups, and their TEV, belonging 
to the IECp-segment. Product groups belonging to the IECp-segment have experienced an ine-
lastic demand function together with an increase in relative price, which is assumed to be 
achieved through product development. In the IECq-segment the increased international com-
petitiveness mainly takes place through an increase of the export quantity, which is not matched 
with an equal reduction in the relative price. Connected to the theory and the hypotheses of this 
thesis, product groups classified as belonging to the IECp-segment must have introduced new 
products or diversified its products from the competitors in order to be able to both have an 
inelastic demand and increase the price relative to the competitors. Hence, product groups be-
longing to the IECq-segment can be a result of an export quantity increase and an import quan-
tity reduction due to the weak domestic demand in Germany. 

With Germany holding a comparative advantage in high-value R&D-intensive export, the prod-
uct groups experiencing increased export competitiveness through price increase should, if Ger-
many has experienced increased international competitiveness in the product groups of its com-
parative advantage , have a high value-added, reflected in a high value per kilo of export. In order 
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to test for this assumption, average value per kilogram in USD has been calculated for the differ-
ent competitive segments of the German export, see Table 5-2. 
 

Table 5-2 Mean, Median, Max and Min Price per Kilogram (in USD) of Export according to Export Competitiveness, 1980-2002  

  Mean Median Max Min Std. N 

80-85 IECp 26.5690 3.4754 10055.00 .00 191.85579 7483 

 IECq 21.4359 4.4083 7261.00 .01 112.95017 7352 

 DEC 11.3411 4.0000 858.00 .00 25.90255 15611 

85-90 IECp 48.56 5.9834 15765.00 .01 345.0768 7324 

 IECq 34.78 5.0967 8986.00 .00 213.4563 10657 

 DEC 10.65 4.5634 3209.00 .01 45.098 10765 

91+-95 IECp 116.1043 13.8132 75692.50 .01 1251.99148 8255 

 IECq 41.9160 4.7353 20068.00 .00 326.41676 10017 

 DEC 35.4373 5.6998 37080.60 .01 413.03704 10196 

95-00 IECp 102.4952 9.0000 16137.00 .00 584.98750 5125 

 IECq 75.1672 4.6396 75692.50 .01 816.87723 15320 

 DEC 19.5700 3.9040 7214.00 .02 127.33813 5994 

00-02 IECp 213.0718 8.0133 23551.50 .01 1345.05753 2618 

 IECq 65.3273 3.8675 18316.00 .00 501.10689 7656 

 DEC 35.0977 6.0400 43068.67 .00 570.79052 6719 
 
+ = The time-period change is due to the classification change in Sources OECD between 1990 and 1991.  

 

As Table 5-2 shows, the product groups belonging to the IECp-segment have in all time-periods 
had a higher mean unit value than the product groups belonging to the IECq- or the DEC-
segment. The median unit value has also been higher for the IECp-segment than for the other 
two segments for all time-period except 1980-1985. The higher mean and median value of the 
IECp-segment can be interpreted as these products have a general higher unit value than prod-
ucts in the other two segments. However, interesting is that the mean value of the IECp-segment 
has increased substantially from 1991 to 2002 while the median value has decreased. The de-
creased median value might be influenced by the increased number of product groups in the 
IECp-segment in the time-period 2000-2002.  

The higher median and mean value of USD per kilogram in the IECp-segment indicates that the 
products in this segment have a higher technological content than products in the other competi-
tive segments. These results are in line with the hypotheses of the thesis, which suggested that 
Germany, with high technological development, should experience increased export competitive-
ness with its most high-valuable goods.  
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5.2 Competitiveness and Foreign Demand 
Section 5.1 concluded that the German export manufacturing industry had increased its interna-
tional competitiveness the last decade through a relative price increase of high-value goods. In 
order to analyze if there are differences in characteristics of the importing countries of German 
products between the different competitive segments, Equations 4.8 and 4.9 have been applied.  

As the theory suggests, the export market experiences a tougher competitive situation than the 
domestic market. Domestic producers mostly have an advantage over foreign suppliers due to 
lower transport costs, better information, a higher affinity etc. In order to be able to compete on 
foreign markets imported goods have to be diversified from domestic goods with a lower price or 
new product attributes. Since the products belonging to the IECp-segment have experienced an 
inelastic world demand together with a relative price increase, the characteristics of the importing 
countries might be different for these products than for products of other competitive segments.  

In order to analyze the general characteristics of the importing countries of German export, 
Equation 4.8 has been utilized. Equation 4.8 is constructed with dummies for the IECp- and 
IECq-segments of the German export. 

Table 5-3 shows the result of Equation 4.8 with t-values in Italic and standard errors within 
brackets. In table 5-3 the results of the dependent variable being Value Import Share of German 
Goods are presented. Regression results for Equation 4.8 with the dependent variable Volume 
Import Share of German Goods are to be found in the Appendix. The results with the depend-
ent variable Volume Import Share of German Goods show similar beta-values and R2-values as 
in Table 5-3, and are therefore not discussed in the thesis. For Crosstabulations and plotted rela-
tionships between the dependent and independent variables, see Appendix. 
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Table 5-3 Regression Results from Equation 4.8, 1980-2002 

Dependent Variable: Value Import Share of German Products  

 1980-1985 1985-1990 1991+-1995 1995-2000 2000-2002 

α 
2.210* 
(.248) 
8.897 

1.145* 
(.234) 
4.900 

2.297* 
(.212) 

10.841 

2.261* 
(.247) 
9.156 

1.497* 
(.265) 
5.643 

Distance 
-.639* 
(.030) 

-21.112 

-.576* 
(.028) 

-20.389 

-.662* 
(.025) 

-25.990 

-.632* 
(.029) 

-21.924 

-.619* 
(.031) 

-20.097 

IECp 
.123* 

(.059) 
2.090 

.323* 
(.069) 
4.665 

.111* 
(.050) 
2.215 

-.525* 
(.058) 
-9.022 

.188* 
(.058) 
3.228 

IECq 
-.138* 
(.058) 
-2.398 

.814* 
(.054) 

15.205 

-.047 
(.047) 
-1.002 

-.579* 
(.042) 

-13.732 

.400* 
(.055) 
7.288 

EU 
-.094 

(.072) 
-1.299 

.201* 
(.058) 
3.465 

-.059 
(.050) 
-1.179 

.088 
(.055) 
1.593 

.112 
(.059) 
1.882 

Boarder 
-.014 

(.088) 
-.162 

-.125 
(.083) 
-1.508 

.067 
(.071) 

.952 

.012 
(.068) 

.181 

.013 
(.073) 

.178 

Language 
.199 

(.116) 
1.718 

.351* 
(.089) 
3.938 

.261* 
(.078) 
3.364 

.417* 
(.076) 
5.466 

.456* 
(.081) 
5.635 

R2 0.184 0.220 0.256 0.289 0.257 

N 4684 4700 5058 5062 5030 
 
+ The time-period change is due to the classification change in Sources OECD between 1990 and 1991.  
* Denotes that the variable is significant on the 0.05 level. 
 
  
 

The regression results in Table 5-3 have been tested for multicoliniarity, without showing serious 
problems. The residuals from the regression in different time-periods have been tested, showing 
normal distribution of the residuals in all time-periods.  

As shown in Table 5-3, Equation 4.8 results in significant results on the 95 percent level8 for the 
variables “Distance” and the dummy-variables for the product belonging to the IECp- or IECq-
segment. Even though the beta-values are generally significant, the goodness-of-fit for the model 
is relative low. However, the low goodness-of-fit is not especially important for the model, since 
it is not utilized to explain the import share of German products in different countries; rather to 
analyze differences between different competitive segments of the German export. 

Not surprisingly, the beta-value of the distance variable is negative significant in all time-periods; 
as the distance of the importing country increases, the import value share of German products in 
the importing country decreases.  

In line with the hypotheses of this thesis, the dummy for the product groups belonging to the 
IECp-segment is positive and significant for all time-periods except 1995 to 2000. This should be 
interpreted as products belonging to the IECp-segment have a general higher import value share 
than products belonging to the DEC-segment. Products belonging to the IECq-segment show a 
more unstable tendency, with the beta-value being significant negative in two time-periods, insig-
nificant negative in one time-period and significant positive in two time-periods. The results from 
Equation 4.10 show similar results in respect to the IECp-dummy; confirming the reliability of 
the applied gravity model with import share as dependent variable, see Appendix. A positive ten-
                                                 
8 In the thesis the significance level represents the 95%-level. 
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dency for the German export is that in the time-period 2000 to 2002 both segments with in-
creased export competitiveness (IECp and IECq) show positive and significant beta-values.  

The dummy for product groups belonging to the IECp-segment is, as earlier discussed, positive 
and significant for all time-periods except 1995 to 2000. In order to analyze if this competitive 
segment experiences lower distance sensitiveness, and a lower importance of affinity and free 
trade in export than the other two competitive segments, Equation 4.9 has been applied sepa-
rately on the three different identified competitive segments of the German export. Since Equa-
tion 4.8 did not show any major differences between having the dependent variable being value 
share or volume share, Equation 4.8 is only utilized with the dependent variable Value Import 
Share of German Goods. Table 5-4 shows the result with t-values in Italic and standard errors 
within brackets.  
Table 5-4 Results from Equation 4.9 for Different Competitive Segments, 1980-2002 

Dependent Variable: Value Import Share of German Products  

  α Distance EU Boarder Language R2 N 

80-85 IECp 2.903* 
(.453) 
6.411 

-.709* 
(.055) 

-12.826 

-.200 
(.134) 
-1.496 

-.027 
(.163) 
-.164 

.084 
(.214) 

.393 
0.239 1105 

 IECq 2.177* 
(.593) 
3.671 

-.654* 
(.073) 
-9.017 

-.054 
(.173) 
-.314 

-.131 
(.209) 
-.624 

.374 
(.275) 
1.359 

0.141 1176 

 DEC 1.891* 
(.325) 
5.818 

-.598* 
(.040) 

-15.044 

-.065 
(.095) 
-.681 

.050 
(.116) 

.432 

.165 
(.152) 
1.087 

0.189 2401 

85-90 IECp 1.358* 
(.549) 
2.473 

-.572* 
(.067) 
-8.493 

.324* 
(.137) 
2.362 

-.079 
(.196) 
-.400 

.410 
(.211) 
1.939 

0.209 856 

 IECq 1.847* 
(.280) 
6.584 

-.558* 
(.034) 

-16.251 

.185* 
(.071) 
2.614 

-.207* 
(.101) 
-2.045 

.381* 
(.109) 
3.482 

0.206 2530 

 DEC 1.449* 
(.514) 
2.820 

-.618* 
(.063) 
-9.803 

.151 
(.128) 
1.184 

-.004 
(.181) 
-.020 

.258 
(.195) 
1.320 

0.163 1312 

91+-95 IECp 2.158* 
(.350) 
6.170 

-.624* 
(.042) 

-14.753 

-.088 
(.084) 
-1.048 

-.019 
(.118) 
-.162 

.315* 
(.130) 
2.422 

0.268 1444 

 IECq 2.314* 
(.390) 
5.939 

-.666* 
(.047) 

-14.098 

-.144 
(.093) 
-1.549 

.134 
(.130) 
1.031 

.182 
(.143) 
1.272 

0.212 1817 

 DEC 2.444* 
(.341) 
7.172 

-.690* 
(.041) 

-16.710 

.050 
(.081) 

.614 

.066 
(.114) 

.581 

.298* 
(.125) 
2.372 

0.302 1795 

95-00 IECp 1.829* 
(.595) 
3.075 

-.645* 
(.070) 
-9.243 

.137 
(.134) 
1.022 

-.060 
(.164) 
-.365 

.396* 
(.183) 
2.160 

0.299 778 

 IECq 2.062* 
(.389) 
5.306 

-.688* 
(.046) 

-15.083 

.121 
(.088) 
1.380 

.014 
(.108) 

.130 

.497* 
(.120) 
4.122 

0.290 2296 

 DEC 1.796* 
(.367) 
4.898 

-.563* 
(.043) 

-13.105 

.031 
(.083) 

.370 

.038 
(.102) 

.368 

.331* 
(.114) 
2.901 

0.249 1986 

00-02 IECp 1.461* 
(.435) 
3.360 

-.588* 
(.051) 

-11.549 

.119 
(.099) 
1.206 

-.060 
(.121) 
-.501 

.556* 
(.135) 
4.125 

0.253 1669 

 IECq 1.452* 
(.352) 
4.125 

-.557* 
(.041) 

-13.500 

.094 
(.080) 
1.184 

.027 
(.098) 

.274 

.452* 
(.109) 
4.148 

0.253 2340 

 DEC 2.982* 
(.715) 
4.172 

-.824* 
(.084) 
-9.788 

.135 
(.160) 

.846 

.085 
(.196) 

.432 

.305 
(.218) 
1.402 

0.267 1019 

 
+ The time-period change is due to the classification change in Sources OECD between 1990 and 1991.  
* Denotes that the variable is significant on the 0.05 level. 
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The regression results in Table 5-4 have been tested for multicoliniarity, without showing serious 
problems. The residuals from the regression in different time-periods have been tested, showing 
normal distribution of the residuals.  

The successful product differentiation of product groups in the IECp-segment should according 
to PLC-theory result in a temporary quasi-monopoly. One of the hypotheses of this thesis was 
that the quasi-monopoly situation should result in a lower distance sensitive of the IECp-segment 
since these products are harder to substitute with domestic or nearer produced products. How-
ever, the results in Table 5-4 show that only in the time-period 2000 to 2002, the IECp-segment 
experienced significant lower distance sensitiveness than the DEC-segment. The results from 
Equation 4-11 confirm these results with the IECp-segment showing significant lower distance 
sensitiveness in only two time-periods; 1985-1990 and 2000-2002, see Appendix. Following the 
same reasoning, the quasi-monopoly situation should result in a smaller impact of cultural and 
linguistic affinity and EU-membership in the IECp-segment. The results show a tendency that 
the IECp-segment experiences a slighter importance of cultural affinity in export than other seg-
ments. The dummy variable for the import country having a common boarder with Germany is 
insignificant lower in all time-periods for the IECp-segment than for the DEC-segment.  

The analysis of the differences in characteristics of the importing country for the different com-
petitive segments did not show any general significant differences or the contradictory relation-
ship than predicted. The theory suggests that innovative activity, resulting in product develop-
ment, provides the innovator with a temporary quasi-monopoly. The time-periods analyzed have 
generally been of six years length; it might be possible that this time-span is too long to show 
differences between different competitive segments. If the product development in the IECp-
segment, resulting in a quasi-monopoly is introduced in the beginning of the time-period the in-
novation might been imitated in the end of the time-period, resulting in a smaller effect of the 
quasi-monopoly in the regression results than predicted. The same results might show if the 
product development is introduced late in the time-period.  
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6 Conclusion  
Germany has the last decade, through a large increase in export value, become the largest ex-
porter in the world. Given the presented PLC trade theory, innovative activity which results in 
new products or product development is one of the main explanatory factors of international 
trade. As knowledge does not spread immediately, innovators are able to gain a temporary quasi-
monopoly for new products or for products with new product features, resulting in an economic 
incentive of innovative activity. A number of scholars, even though no academic consensus is 
reached, have identified R&D expenditures as a relevant proxy for innovative activity. Since 1988, 
when Germany was world leading on R&D expenditures to GDP, the German R&D expendi-
tures to GDP has decreased with 0.3 percentage units, placing Germany in 2002 seventh in the 
world on R&D expenditures to GDP. This tendency provides a worrying indication that Ger-
many has lost international competitiveness in innovative activity, and that the increase of the 
German export value might not be a result of successful product innovations.  

With the underlying relationship between lower relative R&D expenditure and the increasing 
value of the German export, the purpose of this thesis has been to analyze if product develop-
ment of the German manufacturing export industry, originated from innovative activity, can help 
to explain the growth in the German export value.  

As positive for the German export value growth is that product groups with increasing export 
competitiveness through price increase, which according to PLC-theory takes place through 
product development, constituted 29.5 percent of the total German export value in the time-
period 2000 to 2002. In the time-period 76 out of 240 product groups were defined as had ex-
perienced increased export competitiveness through price increase; more than in any other ana-
lyzed time-period. The increased number of product groups defined as introduced product de-
velopments, and the substantial part of the total German export value they constitute, suggest 
that Germany’s increased export value the last years partly can be associated with product devel-
opment, which according to PLC-theory is the result of innovative activity. The analysis of what 
characteristics the product groups with increasing export competitiveness through price have, 
shows that these products have higher value content, characterized by a higher mean and median 
values of USD per kilogram of export, than other product groups. The higher mean and median 
values of the product groups with successful product innovations is positive for Germany since it 
shows that Germany is international competitive in products with a high technological content.  

Also positive for Germany is that the product groups with increasing export competitiveness 
through price increase have experienced a higher foreign demand than other product groups. 
This shows that product developments result in a higher foreign demand for German products, 
providing an economic incentive at both micro and macro level to promote innovative activity in 
Germany. However, contradictory to the hypotheses of the thesis, product groups with increas-
ing export competitiveness through price increase do not experience lower export distance sensi-
tiveness than other product groups. Also contradictory to the hypotheses is that no significant 
differences between the different competitive segments could be shown in impact of cultural and 
linguistic affinity, and EU-membership of the importing country. 

The methodology used shows that product development to some extent can help to explain the 
German increase in export value. However, the methodology has not defined how much of the 
German increase in export value is related to product development; this can be seen as a sugges-
tion of further research. Today, the service industry is becoming more important in export. This 
thesis has only analyzed export of manufacturing goods, research on the relationship between 
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product development and export in the service industry can be seen as a suggestion for further 
research. 

This thesis shows that the German manufacturing industry has been successful to introduce 
product developments to diversify it from the international competitors, providing one explana-
tory factor of the increased German export value relative to the international competitors. How-
ever, the decreasing R&D-expenditures to GDP in Germany, and Germany’s inability to be 
competitive on new product markets as the ICT and Biotechnology, provides a worrying ten-
dency for Germany’s position as the number one exporter in the world.  
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Appendix  
 
 

OECD Countries 
 

Australia 
Austria 

Belgium-Luxembourg 
Canada 
Denmark 
Finland 
France 

Germany 
Great-Britain 

Greece 
Iceland 
Ireland 

Italy 
Japan 

Netherlands 
New Zeeland 

Norway 
Portugal 

Spain 
Sweden 

Switzerland 
Turkey 
USA 
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Product Groups with High and Increasing International Specialization, 61-71 and 71-81 
 

61-71 71-81 
  
266    Synthetic fibres suitable for spinning 022    Milk and cream 
273    Stone, sand and gravel 071    Coffee and coffee substitutes 
282    Waste and scrap metal of iron or steel 282    Waste and scrap metal of iron or steel 
335    Residual petroleum products, nes.& related materials 431    Animal & vegetable oils and fats, processed & waxes 
424    Other fixed vegetable oils, fluid or solid, crude 522    Inorganic chemical elements, oxides & halogen salts 
431    Animal & vegetable oils and fats, processed & waxes 523    Other inorganic chemicals 
511    Hydrocarbons nes, & their halogen.& etc.derivatives 532    Dyeing & tanning extracts; synthetic tanning materials 
512    Alcohols, phenols, phenol-alcohols, & their derivat. 582    Condensation, polycondensation & polyaddition products 
531    Synthetic organic dyestuffs, etc. natural indigo & colour lakes 584    Regenerated cellulose; cellulose nitrate, etc. 
532    Dyeing & tanning extracts; synthetic tanning materials 592    Starches, inulin & wheat gluten; albuminoidal subst. 
533    Pigments, paints, varnishes & related materials 613    Furskins, tanned/dressed, pieces/cuttings of furskin 
541    Medicinal and pharmaceutical products 625    Rubber tyres, tyre cases, etc.for wheels 
554    Soap, cleansing and polishing preparations 642    Paper and paperboard, cut to size or shape 
591    Disinfectants, insecticides, fungicides, weed killers 652    Cotton fabrics, woven 
598    Miscellaneous chemical products, n.e.s. 656    Tulle, lace, embroidery, ribbons, & other small wares 
613    Furskins, tanned/dressed, pieces/cuttings of furskin 664    Glass 
628    Articles of rubber, n.e.s. 674    Universals, plates and sheets, of iron or steel 
642    Paper and paperboard, cut to size or shape 675    Hoop & strip, of iron/steel, hot-rolled/cold-rolled 
652    Cotton fabrics, woven 676    Rails and railway track construction material 
655    Knitted or crocheted fabrics 682    Copper 
657    Special textile fabrics and related products 692    Metal containers for storage and transport 
663    Mineral manufactures, n.e.s 694    Nails, screws, nuts, bolts etc.of iron, steel, copper 
664    Glass 718    Other power generating machinery and parts 
682    Copper 761    Television receivers 
697    Household equipment of base metal, n.e.s. 775    Household type, elect.& non-electrical equipment 
712    Steam & other vapour power units, steam engines 782    Motor vehicles for transport of goods/materials 
713    Internal combustion piston engines & parts 784    Parts & accessories of 722--, 781--, 782--, 783-- 
723    Civil engineering & contractors plant and parts 786    Trailers & other vehicles, not motorized 
724    Textile & leather machinery and parts 791    Railway vehicles & associated equipment 
727    Food processing machines and parts 843    Outer garments, women's, of textile fabrics 
728    Mach.& equipment specialized for particular ind. 871    Optical instruments and apparatus 
736    Mach.tools for working metal or met.carb., parts 892    Printed matter 
737    Metal working machinery and parts 893    Articles of materials described in division 58 
744    Mechanical handling equip.and parts 894    Baby carriages, toys, games and sporting goods 
745    Other non-electrical mach.tools, apparatus & parts 
749    Non-electric parts and accessories of machines 
751    Office machines 
783    Road motor vehicles, n.e.s. 
784    Parts & accessories of 722--, 781--, 782--, 783-- 
812    Sanitary, plumbing, heating, lighting fixtures 
821    Furniture and parts thereof 
873    Meters and counters, n.e.s. 
892    Printed matter 
931    Special transactions & commod., not class.to kind 
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Product Groups with High and Increasing International Specialization, 81-91 
 

81-91 
  
022    Milk and cream 677    Iron/steel wire, wheth/not coated, but not insulated 
047    Other cereal meals and flours 678    Tubes, pipes and fittings, of iron or steel 
061    Sugar and honey 679    Iron & steel castings, forgings & stampings; rough 
071    Coffee and coffee substitutes 682    Copper 
072    Cocoa 684    Aluminium 
073    Chocolate & other food preptions containing cocoa 691    Structures & parts of struc.; iron, steel, aluminium 
075    Spices 692    Metal containers for storage and transport 
091    Margarine and shortening 693    Wire products and fencing grills 
233    Synthetic rubber latex synthetic rubber & reclaimed; waste scrap 694    Nails, screws, nuts, bolts etc.of iron, steel, copper 
261    Silk 695    Tools for use in hand or in machines 
269    Old clothing and other old textile articles; rags 696    Cutlery 
273    Stone, sand and gravel 699    Manufactures of base metal, n.e.s. 
282    Waste and scrap metal of iron or steel 712    Steam & other vapour power units, steam engines 
291    Crude animal materials, n.e.s. 713    Internal combustion piston engines & parts 
335    Residual petroleum products, nes.& related materials 716    Rotating electric plant and parts 
431    Animal & vegetable oils and fats, processed & waxes 718    Other power generating machinery and parts 
511    Hydrocarbons nes, & their halogen.& etc.derivatives 721    Agricultural machinery and parts 
512    Alcohols, phenols, phenol-alcohols, & their derivat. 722    Tractors fitted or not with power take-offs, etc. 
516    Other organic chemicals 724    Textile & leather machinery and parts 
522    Inorganic chemical elements, oxides & halogen salts 725    Paper & pulp mill mach., mach for manuf.of paper 
523    Other inorganic chemicals 726    Printing & bookbinding mach.and parts 
541    Medicinal and pharmaceutical products 727    Food processing machines and parts 
554    Soap, cleansing and polishing preparations 728    Mach.& equipment specialized for particular ind. 
572    Explosives and pyrotechnic products 737    Metal working machinery and parts 
583    Polymerization and copolymerization products 741    Heating & cooling equipment and parts 
591    Disinfectants, insecticides, fungicides, weed killers 742    Pumps for liquids, liq.elevators and parts 
592    Starches, inulin & wheat gluten; albuminoidal subst. 743    Pumps & compressors, fans & blowers, centrifuges 
598    Miscellaneous chemical products, n.e.s. 744    Mechanical handling equip.and parts 
611    Leather 745    Other non-electrical mach.tools, apparatus & parts 
612    Manufactures of leather/of composition leather nes 749    Non-electric parts and accessories of machines 
621    Materials of rubber (e.g., pastes, plates, sheets, etc) 751    Office machines 
625    Rubber tyres, tyre cases, etc.for wheels 761    Television receivers 
628    Articles of rubber, n.e.s. 771    Electric power machinery and parts thereof 
634    Veneers, plywood, improved or reconstituted wood 772    Elect.app.such as switches, relays, fuses, plugs etc. 
635    Wood manufactures, n.e.s. 773    Equipment for distributing electricity 
642    Paper and paperboard, cut to size or shape 774    Electric apparatus for medical purposes, (radiolog) 
651    Textile yarn 775    Household type, elect.& non-electrical equipment 
652    Cotton fabrics, woven 778    Electrical machinery and apparatus, n.e.s. 
653    Fabrics, woven, of man-made fibres 781    Passenger motor cars, for transport of pass.& goods 
654    Textil.fabrics, woven, oth.than cotton/man-made fibr 786    Trailers & other vehicles, not motorized 
655    Knitted or crocheted fabrics 791    Railway vehicles & associated equipment 
656    Tulle, lace, embroidery, ribbons, & other small wares 812    Sanitary, plumbing, heating, lighting fixtures 
657    Special textile fabrics and related products 842    Outer garments, men's, of textile fabrics 
658    Made-up articles, wholly/chiefly of text.materials 843    Outer garments, women's, of textile fabrics 
663    Mineral manufactures, n.e.s 848    Art.of apparel & clothing accessories, no textile 
664    Glass 872    Medical instruments and appliances 
665    Glassware 873    Meters and counters, n.e.s. 
666    Pottery 874    Measuring, checking, analysing instruments 
671    Pig iron, spiegeleisen, sponge iron, iron or steel 882    Photographic & cinematographic supplies 
672    Ingots and other primary forms, of iron or steel 884    Optical goods, n.e.s. 
673    Iron and steel bars, rods, angles, shapes & sections 892    Printed matter 
674    Universals, plates and sheets, of iron or steel 893    Articles of materials described in division 58 
 894    Baby carriages, toys, games and sporting goods 
 895    Office and stationery supplies, n.e.s. 
 898    Musical instruments, parts and accessories 
 899    Other miscellaneous manufactured articles 
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Product Groups with High and Increasing International Specialization, 91-01 

 
91-01 

 
043    Barley, unmilled 
048    Cereal preparations & preparations of flour of fruits or vegetables 
075    Spices 
111    Non alcoholic beverages, n.e.s. 
278    Other crude minerals 
513    Carboxylic acids, & their anhydrides, halides, etc. 
514    Nitrogen-function compounds 
522    Inorganic chemical elements, oxides & halogen salts 
523    Other inorganic chemicals 
531    Synthetic organic dyestuffs, etc. natural indigo & colour lakes 
551    Essential oils, perfume and flavour materials 
592    Starches, inulin & wheat gluten; albuminoidal subst. 
625    Rubber tyres, tyre cases, etc.for wheels 
634    Veneers, plywood, improved or reconstituted wood 
642    Paper and paperboard, cut to size or shape 
654    Textil.fabrics, woven, oth.than cotton/man-made fibr 
656    Tulle, lace, embroidery, ribbons, & other small wares 
664    Glass 
683    Nickel 
692    Metal containers for storage and transport 
694    Nails, screws, nuts, bolts etc.of iron, steel, copper 
722    Tractors fitted or not with power take-offs, etc. 
775    Household type, elect.& non-electrical equipment 
783    Road motor vehicles, n.e.s. 
791    Railway vehicles & associated equipment 
846    Under garments, knitted or crocheted 
847    Clothing accessories of textile fabrics 
894    Baby carriages, toys, games and sporting goods 
896    Works of art, collectors pieces & antiques 
931    Special transactions & commod., not class.to kind 
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Segmentation in accordance to International Competitiveness, 80-85 
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 Product Groups defined as belonging to IECp 80-85 
054    Vegetables, fresh, chilled, frozen/preserved; roots, tubers 635    Wood manufactures, n.e.s. 
061    Sugar and honey 655    Knitted or crocheted fabrics 
081    Feed.stuff for animals (not including unmilled cereals) 662    Clay construct.materials & refractory constr.mater 
212    Furskins, raw (including astrakhan, caracul, etc.) 676    Rails and railway track construction material 
248    Wood, simply worked, and railway sleepers of wood 681    Silver, platinum & oth.metals of the platinum group 
251    Pulp and waste paper 685    Lead 
273    Stone, sand and gravel 689    Miscell.non-ferrous base metals employ.in metallgy 
278    Other crude minerals 694    Nails, screws, nuts, bolts etc.of iron, steel, copper 
287    Ores and concentrates of base metals, n.e.s. 697    Household equipment of base metal, n.e.s. 
289    Ores & concentrates of precious metals; waste, scrap 713    Internal combustion piston engines & parts 
322    Coal, lignite and peat 724    Textile & leather machinery and parts 
335    Residual petroleum products, nes.& related materials 727    Food processing machines and parts 
411    Animal oils and fats 744    Mechanical handling equip.and parts 
523    Other inorganic chemicals 752    Automatic data processing machines & units thereof 
531    Synthetic organic dyestuffs, etc. natural indigo & colour lakes 761    Television receivers 
532    Dyeing & tanning extracts; synthetic tanning materials 762    Radio-broadcast receivers 
554    Soap, cleansing and polishing preparations 775    Household type, elect.& non-electrical equipment 
562    Fertilizers, manufactured 786    Trailers & other vehicles, not motorized 
572    Explosives and pyrotechnic products 791    Railway vehicles & associated equipment 
583    Polymerization and copolymerization products 845    Outer garments and other articles, knitted 
584    Regenerated cellulose; cellulose nitrate, etc. 851    Footwear 
585    Other artificial resins and plastic materials 871    Optical instruments and apparatus 
598    Miscellaneous chemical products, n.e.s. 873    Meters and counters, n.e.s. 
625    Rubber tyres, tyre cases, etc.for wheels 884    Optical goods, n.e.s. 
 894    Baby carriages, toys, games and sporting goods 
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Segmentation in accordance to International Competitiveness, 85-90 
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Product Groups defined as belonging to IECp 85-90 
011    Meat, edible meat offals, fresh, chilled or frozen 584    Regenerated cellulose; cellulose nitrate, etc. 
025    Eggs and yolks, fresh, dried or otherwise preserved 611    Leather 
034    Fish, fresh (live or dead), chilled or frozen 613    Furskins, tanned/dressed, pieces/cuttings of furskin 
035    Fish, dried, salted or in brine  smoked fish 628    Articles of rubber, n.e.s. 
047    Other cereal meals and flours 663    Mineral manufactures, n.e.s 
057    Fruit & nuts (not including oil nuts), fresh or dried 671    Pig iron, spiegeleisen, sponge iron, iron or steel 
061    Sugar and honey 681    Silver, platinum & oth.metals of the platinum group 
072    Cocoa 689    Miscell.non-ferrous base metals employ.in metallgy 
091    Margarine and shortening 691    Structures & parts of struc.; iron, steel, aluminium 
098    Edible products and preparations n.e.s. 693    Wire products and fencing grills 
233    Synthetic rubber latex synthetic rubber & reclaimed 711    Steam & other vapour generating boilers & parts 
251    Pulp and waste paper 714    Engines & motors, non-electric 
265    Vegetable textile fibres and waste of such fibres 716    Rotating electric plant and parts 
268    Wool and other animal hair (excluding wool tops) 718    Other power generating machinery and parts 
288    Non-ferrous base metal waste and scrap, n.e.s. 736    Mach.tools for working metal or met.carb., parts 
291    Crude animal materials, n.e.s. 774    Electric apparatus for medical purposes, (radiolog) 
431    Animal & vegetable oils and fats, processed & waxes 792    Aircraft & associated equipment and parts 
511    Hydrocarbons nes, & their halogen.& etc.derivatives 848    Art.of apparel & clothing accessories, no textile 
512    Alcohols, phenols, phenol-alcohols, & their derivat. 872    Medical instruments and appliances 
551    Essential oils, perfume and flavour materials 895    Office and stationery supplies, n.e.s. 
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Segmentation in accordance to International Competitiveness, 91-95 
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Product Groups defined as belonging to IECp 91-00 
046    Meal and flour of wheat and flour of meslin 674    Universals, plates and sheets, of iron or steel 
056    Vegetables, roots & tubers, prepared/preserved, n.e.s. 676    Rails and railway track construction material 
057    Fruit & nuts (not including oil nuts), fresh or dried 685    Lead 
233    Synthetic rubber latex synthetic rubber & reclaimed; waste scrap 694    Nails, screws, nuts, bolts etc.of iron, steel, copper 
244    Cork, natural, raw & waste (including in blocks/sheets) 695    Tools for use in hand or in machines 
265    Vegetable textile fibres and waste of such fibres 699    Manufactures of base metal, n.e.s. 
268    Wool and other animal hair (excluding wool tops) 724    Textile & leather machinery and parts 
269    Old clothing and other old textile articles; rags 725    Paper & pulp mill mach., mach for manuf.of paper 
277    Natural abrasives, n.e.s (including industrial diamonds) 737    Metal working machinery and parts 
278    Other crude minerals 745    Other non-electrical mach.tools, apparatus & parts 
287    Ores and concentrates of base metals, n.e.s. 749    Non-electric parts and accessories of machines 
288    Non-ferrous base metal waste and scrap, n.e.s. 752    Automatic data processing machines & units thereof 
291    Crude animal materials, n.e.s. 764    Telecommunications equipment and parts 
292    Crude vegetable materials, n.e.s. 772    Elect.app.such as switches, relays, fuses, plugs etc. 
335    Residual petroleum products, nes.& related materials 774    Electric apparatus for medical purposes, (radiolog) 
411    Animal oils and fats 786    Trailers & other vehicles, not motorized 
523    Other inorganic chemicals 791    Railway vehicles & associated equipment 

541    Medicinal and pharmaceutical products 
831    Travel goods, handbags, brief-cases, purses, 
sheaths 

553    Perfumery, cosmetics and toilet preparations 842    Outer garments, men's, of textile fabrics 
572    Explosives and pyrotechnic products 844    Under garments of textile fabrics 
582    Condensation, polycondensation & polyaddition products 845    Outer garments and other articles, knitted 
584    Regenerated cellulose; cellulose nitrate, etc. 848    Art.of apparel & clothing accessories, no textile 
598    Miscellaneous chemical products, n.e.s. 851    Footwear 
611    Leather 871    Optical instruments and apparatus 
612    Manufactures of leather/of composition leather nes 874    Measuring, checking, analysing instruments 
628    Articles of rubber, n.e.s. 881    Photographic apparatus and equipment, n.e.s. 
633    Cork manufactures 884    Optical goods, n.e.s. 
654    Textil.fabrics, woven, oth.than cotton/man-made fibr 885    Watches and clocks 
656    Tulle, lace, embroidery, ribbons, & other small wares 894    Baby carriages, toys, games and sporting goods 
663    Mineral manufactures, n.e.s 897    Jewellery, goldsmiths and other art. of precious m. 
664    Glass 899    Other miscellaneous manufactured articles 
667    Pearls, precious& semi-prec.stones, unwork./worked 951    Armoured fighting vehicles, arms of war & ammunit. 
672    Ingots and other primary forms, of iron or steel 961    Coin (other than gold) not being legal tender 
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Segmentation in accordance to International Competitiveness, 95-00 
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Product Groups defined as belonging to IECp 95-00 
012    Meat & edible offals, salted, in brine, dried/smoked 654    Textil.fabrics, woven, oth.than cotton/man-made fibr 
023    Butter 655    Knitted or crocheted fabrics 
034    Fish, fresh (live or dead), chilled or frozen 659    Floor coverings, etc. 
037    Fish, crustaceans and molluscs, prepared or preserved 666    Pottery 
041    Wheat (including spelt) and meslin, unmilled 689    Miscell.non-ferrous base metals employ.in metallgy 
111    Non alcoholic beverages, n.e.s. 711    Steam & other vapour generating boilers & parts 
122    Tobacco manufactured 712    Steam & other vapour power units, steam engines 
245    Fuel wood (excluding wood waste) and wood charcoal 714    Engines & motors, non-electric 
269    Old clothing and other old textile articles; rags 723    Civil engineering & contractors plant and parts 
278    Other crude minerals 759    Parts of and accessories suitable for 751--or 752- 
288    Non-ferrous base metal waste and scrap, n.e.s. 793    Ships, boats and floating structures 
289    Ores & concentrates of precious metals; waste, scrap 846    Under garments, knitted or crocheted 
431    Animal & vegetable oils and fats, processed & waxes 847    Clothing accessories of textile fabrics 
524    Radio-active and associated materials 872    Medical instruments and appliances 
553    Perfumery, cosmetics and toilet preparations 882    Photographic & cinematographic supplies 
562    Fertilizers, manufactured 897    Jewellery, goldsmiths and other art. of precious m. 
612    Manufactures of leather/of composition leather nes 951    Armoured fighting vehicles, arms of war & ammunit. 
625    Rubber tyres, tyre cases, etc.for wheels 971    Gold, non-monetary 
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Segmentation in accordance to International Competitiveness, 00-02 
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Product Groups defined as belonging to IECp 95-00 
  
012    Meat & edible offals, salted, in brine, dried/smoked 694    Nails, screws, nuts, bolts etc.of iron, steel, copper 
025    Eggs and yolks, fresh, dried or otherwise preserved 695    Tools for use in hand or in machines 
036    Crustaceans and molluscs, fresh, chilled, frozen etc. 696    Cutlery 
056    Vegetables, roots & tubers, prepared/preserved, n.e.s. 697    Household equipment of base metal, n.e.s. 
074    Tea and mate 714    Engines & motors, non-electric 
075    Spices 716    Rotating electric plant and parts 
098    Edible products and preparations n.e.s. 724    Textile & leather machinery and parts 
111    Non alcoholic beverages, n.e.s. 726    Printing & bookbinding mach.and parts 
112    Alcoholic beverages 743    Pumps & compressors, fans & blowers, centrifuges 
223    Oils seeds and oleaginous fruit, whole or broken 745    Other non-electrical mach.tools, apparatus & parts 
244    Cork, natural, raw & waste (including in blocks/sheets) 762    Radio-broadcast receivers 
245    Fuel wood (excluding wood waste) and wood charcoal 763    Gramophones, dictating, sound recorders etc 
261    Silk 771    Electric power machinery and parts thereof 
271    Fertilizers, crude 772    Elect.app.such as switches, relays, fuses, plugs etc. 
278    Other crude minerals 773    Equipment for distributing electricity 
289    Ores & concentrates of precious metals; waste, scrap 774    Electric apparatus for medical purposes, (radiolog) 
341    Gas, natural and manufactured 776    Thermionic, cold & photo-cathode valves, tubes, parts 
411    Animal oils and fats 778    Electrical machinery and apparatus, n.e.s. 
424    Other fixed vegetable oils, fluid or solid, crude 785    Motorcycles, motor scooters, invalid carriages 
511    Hydrocarbons nes, & their halogen.& etc.derivatives 792    Aircraft & associated equipment and parts 
515    Organo-inorganic and heterocyclic compounds 793    Ships, boats and floating structures 
523    Other inorganic chemicals 821    Furniture and parts thereof 
524    Radio-active and associated materials 844    Under garments of textile fabrics 
532    Dyeing & tanning extracts; synthetic tanning materials 847    Clothing accessories of textile fabrics 
592    Starches, inulin & wheat gluten; albuminoidal subst. 848    Art.of apparel & clothing accessories, no textile 
611    Leather 851    Footwear 
612    Manufactures of leather/of composition leather nes 873    Meters and counters, n.e.s. 
628    Articles of rubber, n.e.s. 884    Optical goods, n.e.s. 
633    Cork manufactures 885    Watches and clocks 
651    Textile yarn 893    Articles of materials described in division 58 
652    Cotton fabrics, woven 894    Baby carriages, toys, games and sporting goods 
653    Fabrics, woven, of man-made fibres 895    Office and stationery supplies, n.e.s. 
654    Textil.fabrics, woven, oth.than cotton/man-made fibr 896    Works of art, collectors pieces & antiques 
655    Knitted or crocheted fabrics 897    Jewellery, goldsmiths and other art. of precious m. 
657    Special textile fabrics and related products 898    Musical instruments, parts and accessories 
658    Made-up articles, wholly/chiefly of text.materials 899    Other miscellaneous manufactured articles 
664    Glass 931    Special transactions & commod., not class.to kind 
684    Aluminium 971    Gold, non-monetary 
687    Tin  
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Regression Results from Equation 4.8, 1980-2002 
With t-values in italic and standard errors within brackets 
 

Dependent Variable: Volume Import Share of German Products  

 1980-1985 1985-1990 1991+-1995 1995-2000 2000-2002 

α 
3.235* 
(.134) 

24.193 

2.420* 
(.141) 

17.116 

3.258* 
(.125) 

26.065 

3.164* 
(.133) 

23.818 

2.594* 
(.193) 

13.437 

Distance 
-.810* 
(.018) 

-45.528 

-.778* 
(.018) 

-42.872 

-.848* 
(.015) 

-56.076 

-.804* 
(.016) 

-51.584 

-.811* 
(.023) 

-36.025 

IECp 
.108* 

(.029) 
3.719 

.343* 
(.034) 

10.071 

.085* 
(.029) 
2.948 

-.544* 
(.031) 

-17.507 

.195* 
(.042) 
4.624 

IECq 
.002 

(.029) 
.073 

.879* 
(.026) 

33.248 

-.011 
(.027) 
-.407 

-.664* 
(.022) 

-29.664 

.363* 
(.040) 
9.126 

EU 
-.151* 
(.026) 
-5.811 

.096* 
(.027) 
3.569 

-.088* 
(.029) 
-3.017 

.074* 
(.029) 
2.520 

.097* 
(.043) 
2.281 

Boarder 
-.058 

(.039) 
-1.483 

-.102* 
(.038) 
-2.657 

.131* 
(.040) 
3.237 

.101* 
(.036) 
2.797 

.029* 
(.052) 

.562 

Language 
-.008 

(.043) 
-.198 

.064 
(.043) 
1.494 

.320* 
(.044) 
7.244 

.403* 
(.040) 

10.109 

.435* 
(.058) 
7.547 

R2 0.156 0.199 0.244 0.279 0.258 

N 4684 4700 5058 5062 5030 
 
+ The time-period change is due to the classification change in Sources OECD between 1990 and 1991.   
* Denotes that the variable is significant on the 0.05 level. 
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Regression Results from Equation 4.10, 1980-2002 
With t-values in italic and standard errors within brackets 

 
Dependent Variable: Total Import Value of German Products 

 1980-1985 1985-1990 1991+-1995 1995-2000 2000-2002 

α 
7.001* 
(.369) 

18.997 

7.101* 
(.269) 

18.971 

8.123* 
(.388) 

20.931 

7.566* 
(.468) 

16.171 

5.804* 
(.469) 

12.368 

Distance 
-.966* 
(.049) 

-19.523 

-.976* 
(.049) 

-19.523 

-1.053* 
(.050) 

-21.059 

-.939* 
(.058) 

-16.271 

-.849* 
(.057) 

-14.795 

GDP 
.597* 

(.026) 
22.980 

.597* 
(.026) 

22.980 

.624* 
(.025) 

24.632 

.632* 
(.026) 

24.340 

.613* 
(.026) 

23.414 

IECp 
.397* 

(.102) 
3.875 

.397* 
(.102) 
3.875 

.271* 
(.086) 
3.164 

-.799* 
(.105) 
-7.609 

.868* 
(.098) 
8.840 

EU 
.356* 

(.090) 
3.977 

.352* 
(.091) 
3.973 

.318 
(.088) 

.675 

.499* 
(.101) 
4.940 

.638* 
(.100) 
6.371 

Boarder 
.461* 

(.125) 
3.700 

.464* 
(.124) 
3.720 

.399* 
(.123) 
3.628 

.402* 
(.126) 
3.196 

.397* 
(.124) 
3.189 

Language 
.075 

(.133) 
.568 

.076 
(.134) 

.569 

.185* 
(.133) 
3.244 

.409* 
(.138) 
2.970 

.470* 
(.137) 
3.440 

R2 0.285 0.295 0.255 0.246 0.246 

N 4663 4663 5034 5034 4981 
 
+ The time-period change is due to the classification change in Sources OECD between 1990 and 1991.  
* Denotes that the variable is significant on the 0.05 level. 
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Regression Results from Equation 4.11, 1980-2002 
With t-values in italic and standard errors within brackets 
 

Dependent Variable: Total Import Value of German Products 

 1980-1985 1985-1990 1991+-1995 1995-2000 2000-2002 

α 
7.451* 
(.386) 

19.311 

7.747* 
(.376) 

20.611 

8.223* 
(.385) 

21.344 

7.143* 
(.469) 

15.227 

6.307* 
(.445) 

14.172 

Distance 
-.900* 
(.054) 

-16.560 

-.927* 
(.053) 

-17.468 

-1.087* 
(.054) 

-20.242 

-.933* 
(.060) 

-15.631 

-.652* 
(.056) 

-11.717 

GDP 
.546* 

(.028) 
19.430 

.586* 
(.028) 

20.807 

.638* 
(.028) 

23.028 

.634* 
(.027) 

23.224 

.534* 
(.025) 

21.086 

(DIECp* Distance) -.093 
(.072) 
-1.287 

-.164* 
(.081) 
-2.029 

.116 
(.067) 
1.727 

-.032 
(.088) 
-.368 

-.339* 
(.019) 

-18.275 

(DIECp*GDP) .069 
(.042) 
1.623 

.057 
(.047) 
1.208 

-.048 
(.039) 
-1.225 

-.016 
(.050) 
-.309 

.404* 
(.018) 

22.380 

EU 
.314* 

(.109) 
2.882 

.355* 
(.092) 
3.847 

.398* 
(.088) 
3.626 

.497* 
(.102) 
4.890 

.517* 
(.096) 
5.397 

Boarder 
.263 

(.170) 
1.545 

.467* 
(.128) 
3.641 

.185* 
(.123) 
3.238 

.402* 
(.127) 
3.178 

.284* 
(.119) 
2.394 

Language 
.631* 

(.130) 
4.848 

.076 
(.137) 

.554 

.318 
(.133) 
1.396 

.411* 
(.139) 
2.963 

.388* 
(.130) 
2.974 

R2 0.243 0.241 0.256 0.235 0.294 

N 4663 4739 5034 5034 4957 
 
+ The time-period change is due to the classification change in Sources OECD between 1990 and 1991.  
* Denotes that the variable is significant on the 0.05 level. 
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Crosstabulations 80-85 
  

  ln(value import share)  
     Total 
  Low  Medium High  

Low 286 485 872 1643 

Medium 535 712 596 1843 
ln(distance) 

High  853 478 206 1537 

Total  1674 1675 1674 5023 

      
N = 5023 χ2 = 762.703 Sig. 0.000 df = 4   

 
 

Crosstabulations 85-90 
  

  ln(value import share)  
     Total 
  Low  Medium High  

Low 286 485 872 1643 

Medium 535 712 596 1843 
ln(distance) 

High  853 478 206 1537 

Total  1674 1675 1674 5023 

      
N = 5023 χ2 = 762.703 Sig. 0.000 df = 4   

 
  

Crosstabulations 91-95 
  

  ln(value import share)  
     Total 
  Low  Medium High  

Low 227 496 931 1654 

Medium 554 741 588 1883 
ln(distance) 

High  925 469 187 1581 

Total  1706 1706 1706 5118 

      
N = 5118 χ2 = 1015..732 Sig. 0.000 df = 4   

 
  

Crosstabulations 95-00 
  

  ln(value import share)  
     Total 
  Low  Medium High  

Low 231 472 954 1657 

Medium 547 762 579 1888 
ln(distance) 

High  932 477 177 1586 

Total  1710 1711 1710 5131 

      
N = 5131 χ2 = 1080.364 Sig. 0.000 df = 4   

 

 
Crosstabulations 00-02 

   ln(value import share)  
     Total 
  Low  Medium High  

Low 221 490 938 1649 

Medium 551 753 570 1874 
ln(distance) 

High  924 454 188 1566 

Total  1696 1697 1696 5089 

      
N = 5089 χ2 = 1049.524 Sig. 0.000 df = 4   
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Plots of relationship between independent variable distance and the dependent variable 
value share of import, Equation 4.8 
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