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 CHAPTER 1  
Introduction 

 
The global division of labor is in constant change as countries dynamically acquire new 
technological capabilities. Many Asian countries that were relatively latecomers in 
industries such as semiconductors, electronics, pharmaceuticals or automobiles have 
become globally competitive producers. Their growth trajectories, industrial and 
innovation policies have been at the center of scholarly attention (Amsden 1989, 2001; 
Fagerberg 2000; Hobday 1995, 2003; Kim 1980, 1997, 1998; Kim and Nelson 2000; Lee 
and von Tunzelmann 2005; Mathews 2002; Westphal 2002). The accelerated growth in 
high-tech industries and their effects on economic and social development in these 
countries offered interesting cases for revisiting old debates on industrial as well as 
science and technology or higher education policies. In this context it is surprising how 
little similar systematic work has been done on the aerospace industry, despite the fact 
that hardly any other sector offers as much scope for policy debate as aerospace.  

There is plenty of evidence of advanced aircraft manufacturing capabilities in 
emerging economies. The world�s third largest producer in terms of commercial aircraft 
is Embraer of Brazil. Hundreds of their ERJ regional jets are flown by airlines from all 
continents. Structural parts of the Boeing and Airbus planes we fly today are made in 
various locations around China, India or Singapore. The maiden flight of the Chinese 
made ARJ-21 regional jet made it to the front pages around the world in late 2008, but 
so did the Indonesian-built N-250 twin-propeller in the 1990s or Embraer�s Bandeirante 
and Brasilia commuters in the 1970s and 1980s. There are similar achievements in space 
technology. The first Chinese satellite launched in 1970 transmitted the song the �East is 
Red�. In the framework of the Shenzhou program, China became the third country to 
accomplish a manned space mission in 2003. The Polar Satellite Launch Vehicle of the 
Indian Space Research Organization has successfully put dozens of satellites into orbit. 
Both China and India have succeeded in sending spacecraft into lunar orbit.  

Many of the countries that at one point in time realized prestigious aerospace 
projects could not keep up the momentum. Amidst changing technological, market and 
geopolitical conditions, only a few sustained continuous innovation. The history of the 
aerospace industry in emerging economies is littered with failed massive investment 



CHAPTER 1 
 

2 

projects. Continuous financing of these projects were often associated with corruption 
and war-mongering. At the same time, nurturing successful achievements requires 
continued support. The technology intensity of the industry alone demands the 
existence of complex local technological capabilities, and make the lead time to realize a 
prototype and to start commercialization long. It follows that sustained learning and 
innovation is crucial to realize the high-value-added production potential the industry 
offers. If we focus at aerospace manufacturing as an industrial activity, we have to 
distinguish a first successful flying prototype from a serially produced model, the test 
design of parts and components from those that have already been certified and 
incorporated on a serially produced plane. These latter products will have the real 
economic impact as innovations. These may be less visible achievements, but these are 
potentially the real sources of growth for aerospace producing economies, emerging and 
industrialized alike. 
 
The three key themes that will be discussed in this book are the following:  

(1)  latecomer industrialization in aerospace;  
(2) accumulation of technological capabilities and innovation in emerging 

aerospace producers; and 
(3)  the sustainability of growth in the industry. 

1.1 The purpose of the study 

This study aims at exploring and explaining success and failure in the development of 
latecomer aerospace industries in emerging economies. What distinguishes this study 
from previous work is the comparative analysis of latecomer development trajectories, 
and the combination of a long-run view on both industrial dynamics and radical and 
incremental sectoral innovation system changes. Past analyses with rich insights into 
innovation in the sector have been hampered by a lack of comprehensive longitudinal 
statistical data. Based on primary sources and secondary literature, this study provides a 
statistical overview of the evolution of the aerospace industry in over 40 countries over a 
period of over 40 years. In the past, explorative studies on aerospace industries have 
benefitted from the sectoral systems of innovation approach. This research aims at 
comparing successful and failed catch-up trajectories in light of sectoral innovation 
system dynamics. Therefore, the following research questions are scrutinized in the 
study: 

1. What are the characteristics of the evolution of the global aerospace industry in 
the second half of the 20th century in terms of value added, gross output, 
employment and exports? 
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2. What sectoral development trajectories in aerospace characterized latecomer 
economies? 

3. How did sectoral innovation systems emerge and evolve in successful and 
failed cases of latecomer industrialization in aerospace? 

 
Answering the first question also sheds light on any geographical redistribution of 
global aerospace manufacturing and how the emergence of new aerospace producers 
affected incumbents in North America and Western Europe. It also reveals instances of 
accelerated growth and catch-up in the long term. Investigation into the second 
question provides insights into the dynamics of technological capabilities accumulation 
and industrial development in a broad context in selected emerging economies. In 
connection with the third question, this study intends to provide a better understanding 
of the co-evolution of the institutional framework, technological capabilities, innovation 
and industrial production. Finally, the purpose of this research is to understand what 
happened in the past. By no means does it intend to offer a �do-it-yourself manual� for 
developing an aerospace industry. Nevertheless, understanding the history can inform 
future policy makers and managers on best practices to follow or failed strategies to 
avoid, within a given environment. 

1.2 Research methods 

In the first part of the book, we develop and describe a comprehensive dataset for 
aerospace manufacturing. Time series of value added, output and employment for the 
sector are compiled from international and national statistical sources and 
complemented with data from the secondary literature. We calculate global aggregate 
output levels using industry-of-origin conversion ratios. These are available at the 
sectoral or branch level for benchmark years for many countries as a result of researches 
following the International Comparison of Output and Productivity (ICOP) 
methodology (discussed in Chapter 3). In the case of Brazil we provide an alternative 
calculation of unit value ratios for aircraft manufacturing using augmented output data. 

In the second part we apply a national and sectoral innovation systems dynamics 
framework and analyze five case studies in order to investigate latecomer development 
trajectories in aerospace. The literatures on catch-up, on technological paradigm shifts 
or regime changes and on product and industry life cycles all identify two types of 
change in the long run. One is an incremental change, and the other is a radical change 
or acceleration. These two types of change also characterize the evolution of innovation 
systems over time. We develop a conceptual framework of �interrupted innovation� 
which captures radical changes in innovation systems in the long-run. We closely look 
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at case studies of aircraft industries from five emerging economies and follow the 
patterns of the evolution of technological capabilities, innovation performance and 
industrial growth. 

1.3 Selection of the cases 

Our primary concern for selecting cases for in-depth study was to include not only 
countries where the emergence and growth of the industry was successful, but also cases 
where the industry languished after significant efforts had been made. Successful 
development was defined in terms of growth of value added in aerospace. The choice 
was rather straightforward as three countries stood out from the emerging economies 
group: China, Brazil and Singapore. These countries showed a huge variation in regional 
location, territorial size and product structure, but looked back to a relatively long 
history of industrial growth. Failed cases were selected to match the continental 
variation of the successful countries. Argentina was a neighbor of Brazil and started 
industrialization around the same time. Indonesia was a neighbor of Singapore and a 
country large enough to benefit from the development of an aircraft industry. Another 
selection criterion was the availability of a body of secondary literature. 

To keep the book manageable, we decided to limit the number of cases to five. 
Three emerging economies with some tangible production results but relatively low 
output, India, Mexico and South Korea, are not covered. The reasons for not including 
India here are the rather low aerospace value added levels until 2007 and the 
overwhelming dominance of the space sector (Baskaran 2005; Mani 2010). Mexico 
presently has a rapidly growing parts manufacturing base and maintenance, repair and 
overhaul sector. This made the country an interesting case if one was interested in the 
emergence of a sectoral innovation system today, but it is less relevant for a long-run 
historical study . Finally, South Korea is not covered due to reasons of length; however, 
an insightful case study on the emergence of the industry via the diversification of heavy 
industries into aerospace is provided by Texier (2000).  

1.4 Some conceptual issues 

The focus of this study is the aerospace manufacturing industry. By definition, this 
excludes air transport services, but includes aircraft maintenance, repair and overhaul 
(MRO). These latter activities require engineering and technical skills which are also 
required for parts and components manufacturing or aircraft assembly, but are much 
less capital intensive and research intensive. They do require specialized education and 
training, but far less than manufacturing. Since a limited level of MRO work is carried 
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out at every major airport, countries with no other production facilities seem to be 
aerospace producers due to this MRO-bias. 

Aerospace manufacturing includes the manufacturing of aircraft and spacecraft, 
as well as their engines or propulsion units. In the global statistical overview we have no 
means to distinguish aircraft and spacecraft production within the aerospace industry. 
Nevertheless, since the space industry is not characterized by mass production, even in 
countries with space programs the largest part of aerospace value added originates from 
the aircraft segment.1 In the case studies we focus on the more narrowly defined aircraft 
manufacturing industries, which are more comparable across emerging economies. 

The term innovation is central to this book. Following Schumpeter�s definition, 
innovation includes new products, new production processes, new supply sources, the 
creation of new markets and new forms of business organization (Schumpeter 1934). 
These innovations can be new to the firm or new to the world. What is similar in all 
types of innovation is the combination of an element of invention as well as 
implementation. (This was highlighted earlier when we emphasized the difference 
between a prototype airplane and a production model). It is easy to realize that the 
aerospace manufacturing industry, which involves creating complex technologies, is full 
of innovation up to the point where it might lose its meaningfulness. Due to the 
complex, modular product structure that characterizes the aerospace industry, 
innovation can take place in various locations. For the aircraft maker a new product can 
be a new regional jet. For the component manufacturer that specializes in landing gear 
for aircraft, a new product is for instance a new shock-absorbing landing gear. The same 
logic applies for the tire maker and the fastener maker companies. Aggregate innovation 
at the sectoral level hence includes all these new technologies of different degrees of 
complexity. The more complex a product, the more learning it needs and the longer it 
potentially takes to diffuse the technology. These aspects also highlight that innovation 
itself is a creative process which has a time dimension and involves learning. Central to 
the entire innovation process is the interaction of ideas. Therefore, without a systemic 
view, the concept of innovation becomes meaningless. In this study we discuss aerospace 
innovation within a national and sectoral environment in which we can pay due 
attention to the actors involved, their interactions and the institutions that shape these 
interactions. 

Finally, the use of the term catch-up in the context of this study requires some 
explanation. In the original economic growth context catch-up refers to a convergence 
of per capita income due to a relatively faster per capita income growth in poorer 
                                                                                 
1 According to Chinese National Bureau of Statistics, spacecraft manufacturing accounted for an average of 
10.5% of total aerospace value added between 2000 and 2006. 
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countries than in richer ones (i.e. Abramovitz 1986; Szirmai 2005). Since this involves 
output growth acceleration due to the use of more advanced technologies (Fagerberg 
1994), some authors also refer to catch-up in a sectoral context either as technological 
catch-up or as a convergence of market shares (e.g. Dalum et al 1999; Lee and Lim 
2001). In this study we define catch up in terms of increasing value added shares in 
global aerospace. The rationale for this is that in an industry that demands high-
technology and high quality standards from producers, it is impossible to increase 
market share without technological catch-up.  

1.5 The structure of the book 

Following this introductory chapter, we provide a survey of the literature in Chapter 2. 
The chapter discusses theories of latecomer industrialization, technological capabilities 
and innovation system dynamics and studies of the aerospace industry in emerging 
economies. The glasses through which this book looks at industrial development are 
those of a social scientist. Yet since it deals with technological development, a section is 
added to the literature survey providing a general overview of paradigm shifts in aircraft 
technology and in the organization of production.  

The rest of the book is divided into two parts. The first part looks at the evolution 
of the aerospace industry measured by value added, gross output, employment and 
exports. This reflects an understanding that in retrospect the ultimate measure of catch-
up in emerging economies and of sectoral innovation system performance is industrial 
value added growth. In Chapter 3 we describe the statistics we compiled on long-run 
production dynamics in the global aerospace industry. Global aggregation of output was 
made possible by the use of industry-of-origin conversion ratios wherever possible. In 
Chapter 4 we calculate new unit value ratios for the aerospace sector in a binary Brazil-
USA comparison based on ex-factory price and quantity data using the International 
Comparison of Output and Productivity method. 

The second part of the book takes a closer look at the development of the 
aerospace industry through the co-evolution of industrial actors, technological 
capabilities and institutions in specific country contexts. It takes a new perspective on 
learning and innovation processes occurring over a long time span from the first 
emergence of the industry through moments of acceleration and crises to sustained 
development or terminal stagnation. The framework of interrupted innovation is 
presented in Chapter 5. The framework is based on the conclusions from the literature 
review and allows for a historical overview of incremental and radical changes in the 
aerospace industry. In Chapter 6 we present five case studies of successful and failed 
industrial development from Latin America and Asia. Although with very different 
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historical backgrounds, Brazil (section 6.1), China (6.2) and Singapore (6.3) all 
exemplify a successful emergence of the industry as well as successful radical innovation 
system transitions that led to accelerated growth. The cases of Argentina (6.4) and 
Indonesia (6.5) provide insights into failed development trajectories.  

In Chapter 7 we provide an overview of the various development trajectories, and 
discuss the relevance of radical innovation system changes to tackle interruptions and 
achieve sustained growth in the industry. Based on a set of questions raised at the end of 
Chapter 5, we focus on the development trajectories, the interruptions and the nature of 
innovation system transitions. Finally we provide some policy conclusions. 
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 CHAPTER 2  
Literature review 

2.1 Introduction 

This section provides an overview of the literature on latecomer industrialization, 
technological capabilities and innovation systems. Its purpose is to identify the main 
theoretical foundations for a framework of analysis of latecomer industrialization in 
aerospace.  

The literature review starts in section 2.2 with the old problem of technological 
learning and latecomer industrialization. The basic question that was raised: is there an 
advantage in being a latecomer? According to the Gerschenkronian tradition, being a 
latecomer country holds a potential. First movers have to pay the price of developing a 
new technology, test its applicability in practice, while latecomers can readily take the 
results and avoid the first movers� costs. As many examples from East Asia have shown, 
latecomers with lower production costs can indeed gain large market shares. But 
historical experience also shows that acquiring technology is not automatic, and is more 
than simply following a pre-written recipe. The second strand of literature we look at 
addresses the difficulties in accumulating technological capabilities and some of the 
actual disadvantages of latecomers (section 2.3). Many authors devised stage models to 
highlight the progress of technological learning in a variety of industries. The 
appropriateness of stage models for the analysis of latecomer aerospace innovation is 
examined in section 2.4. The following section (2.5) discusses the systems of innovation 
approach from a dynamic perspective. Section 2.6 provides a survey of the existing 
literature on innovation, technological change and economic growth in the aerospace 
industry both in countries at the technological frontier and in developing economies. 
Section 2.7 looks at another body of existing works. Here we focus on technological 
development in aerospace, which helps the reader better understand the �big picture�, 
the major trends of technological change at the frontier since the 1950s. The 
summarizing section 2.8 provides an overview of the main conclusions of the literature 
review and highlights the questions so far unanswered. 

2.2 Latecomer advantages and how to benefit from them 

The idea that economic backwardness may be an asset for latecomer industrialization 
has been at the center of debates on economic development. Building on the work of 
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Veblen (1919)2, Gerschenkron (1962) argued that the more economically backward a 
country is, the greater �the opportunities inherent in industrialization� are. The idea 
behind this is that technologically backward countries can potentially apply existing 
technologies at much lower costs than the countries that developed them. Catch-up at 
the country level occurs as productivity increases due to more advanced technology and 
the per capita income difference narrows between leaders and followers. The larger the 
initial productivity gap (or the greater the distance to the technological frontier), the 
greater is the potential for growth. This happens because latecomers can enter directly 
into large-scale production in the most dynamic industries and take advantage of their 
lack of institutional inertia. The tension between the �great promise� of economic 
development demonstrated by the leading countries and the reality of stagnation is an 
important motivating factor for institutional change in the follower. However, due to 
institutional obstacles catch up cannot occur (such an obstacle was serfdom in Russia or 
the lack of political unity in Germany). In the 19th century, in industrializing Russia state 
intervention compensated for (or substituted) the insufficient (or inadequate) physical, 
human and technological resources required to catch-up. Establishing appropriate 
institutions and organizations are crucial for the successful substitution of missing 
prerequisites. In Gerschenkron�s examples these functions were provided by 
development banks in France, universal banks in Germany and government investment 
in infrastructure in Russia in the late 19th century.3  

The rapid development of many East Asian economies in the second half of the 
twentieth century (Hong Kong, Singapore, South Korea or Taiwan) testifies to the 
possibility of reaping latecomer advantages, providing evidence of dynamic 
developments at firm and sectoral levels in industries such as automobiles, electronics 
and semiconductors (Kim 1980, 1997, 1998; Kim and Nelson 2000; Fagerberg 2000; 
Hobday 1995, 2003; Amsden 1989, 2001; Mathews 2002; Westphal 2002). In a broader 
context, it was found that accelerated growth is achievable with latecomer 
industrialization. Fagerberg and Verspagen (1999) empirically showed that 
manufacturing had been an engine of growth in the late industrialization of East Asia 
and Latin America. Szirmai (2005, 2011) concluded that no developing country 
achieved successful economic development without industrialization.  

                                                                                 
2 It should be noted that Veblen�s view was in many ways sharply different from Gerschonkron�s thesis, e.g. 
considering technology transfer as a more automatic mechanism possibly driven by market forces. (c.f. 
Fagerberg 2005) 
3 Another often cited example from post-World War II Japan is the Ministry of International Trade and 
Industry (MITI). 
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Gerschenkron underlined the importance of removing institutional obstacles and 
establishing institutions and organizations to realize latecomer advantages. Latecomer 
firms actually also face some significant disadvantages. According to Hobday (1995), 
they are dislocated from technology sources as well as from advanced markets.4 It has 
remained a central problem in the literature on latecomer industrialization to identify 
the role of state and private actors in starting and carrying out the institutional changes, 
which can address these disadvantages. The same historical development paths of East 
Asian countries have been interpreted in very different ways depending on the 
spectacles observers were looking through. On the one hand, according to the neoliberal 
view summarized in a widely cited World Bank (1993) report �The East Asian Miracle�, 
the success of governments was their ability to provide a stable macroeconomic 
environment and to follow market-friendly policies. This entailed limited inflation, only 
limited appreciation of real effective exchange rate, only brief periods of import 
substitution industrialization, and earnings from exports motivating technological 
upgrading in trading sectors. Additionally, public measures were concerned with 
human capital formation, establishing openness to international trade and a strong 
bureaucracy that relied on contests when making selective supporting measures. 

On the other hand, both sectoral level and macro level studies (Amsden 1989, 
2001; Chang 1993; Hobday 2003; Wade 1990) found historical evidence of strong state 
intervention. Amsden (2001) showed that �getting the control mechanisms right� was 
the key to the successful �Rise of the Rest�. Recently Chang (2003) and Cimoli et al 
(2009) have further argued (along the lines of Gerschenkron) that no backward country 
has ever developed without a relatively high degree of government intervention to 
facilitate technological accumulation and change the organization of production. 
Reinert (2009) showed how protecting infant industries in areas at the forefront of 
technological progress helped latecomers emulate the richer leaders of their time and 
reduce the asymmetries in knowledge and technological capabilities, and made 
technology transfer profitable. Only after some measure of parity is achieved could 
partners specialize and trade according to their comparative advantages and could (neo-
) colonialist structures be prevented. This reconfirms the theses of Friedrich List 
presented most notably in his 1841 volume �The National System of Political Economy�. 
List also argued that latecomers need protectionist measures to raise infant industries 

                                                                                 
4 On the other hand, Mathews (2002, 2006) optimistically argued that latecomer firms are not bound by 
organizational inertia. This allows them to shift quickly from being imitators to innovators, by benefiting of 
the �3 Ls�: linkage, leverage, learning in the age of globalization, which enhances their dynamic capabilities. 
(Linking up to global value chains, offering lower costs and gaining access to knowledge, technology, or 
markets. The gains exceed their inputs, offering firms greater leverage. As they do this strategy in a sustained 
way, they learn.)  
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and new competitors, because free trade hampered progress by freezing existing trading 
structure.5  

As latecomer industries mature over time, the need for interventions and the 
nature of interventions change as well.6 Gerschenkron interpreted the �the gradual 
diminution of backwardness� (infrastructural development and industrial growth) with 
the redefinition of the relationships between the German industry and development 
banks on the one hand and between the Russian state and the industry on the other 
hand. German enterprises were increasingly collaborating with a number of banks 
(including banks they established) as opposed to being subjected to one single bank. 
Following a reduction of state intervention in Russia, universal banks emerged to take 
on long-run investment financing. Notice that while the backwardness of a country was 
being reduced gradually, the change of interventions was not similarly gradual. On the 
contrary, state intervention in Russia at the turn of the 20th century was reduced 
radically amidst depression and social unrest, as Gerschenkron presented it, but growth 
only followed after years of interruption.  

It clearly remains puzzle for policy design how to deal with similar transitions. 
Lall (2004) argued that there is no uniform way. Intervention (industrial policies) needs 
to be selective, since learning depends on the complexity of technology, on the 
availability of information and extent of externalities. At the same time, policies need to 
learn as well. For the case of contemporary China, Gu and Lundvall (2006) showed how 
policy learning co-evolved with the development of industries. It is a question when 
interventions should be phased out or reduced. 

 
The underlying assumption behind these arguments for protectionism is a dynamic 
understanding of competitiveness, which involves the possibility for latecomers to 
accumulate the technological capabilities that more advanced producing countries are 
applying are applying. Before entering into a more detailed discussion of the literature 

                                                                                 
5 �Any nation which by means of protective duties and restrictions on navigation has raised her manufacturing 
power and her navigation to such a degree of development that no other nation can sustain free competition with 
her, can do nothing wiser than to throw away these ladders of her greatness, to preach to other nations the 
benefits of free trade, and to declare in penitent tones that she has hitherto wandered in the paths of error, and 
has now for the first time succeeded in discovering the truth.� (List 1841, Book 4, Ch.33, English translation by 
S.S. Lloyd, 1885.) 
6 The idea that infant industries can be protected as long as it is temporary has long been accepted by classical 
economist thinkers, such as J.S. Mill (quoted by Lall 2004, note 20). Neoclassical economics argues that 
protection is not justified anymore when a decrease in the long-term average costs causes no more losses for 
producers. Theory leaves the question open how to manage the transition from a state of protection to a state 
of no protection. 
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on technological capabilities in section 2.3, we make a detour to address an often 
neglected question with regard to latecomer entry.  
 

2.2.1 The timing of latecomer entry  
Does the timing of entry into a new industry matter? There are three reasons why timing 
matters. First, the nature of competition and characteristics of innovation varies over an 
industry�s life cycle (Abernathy and Utterback 1978; Utterback and Abernathy 1975; 
Gort and Klepper 1982; Malerba and Orsenigo 1996a; Klepper 1996, 1997). In these 
models, barriers to entry are usually lower at the initial phases of an industry�s 
development, but there is uncertainty about market demand and potentials of 
technological improvements. Despite the easier access, companies in developing 
countries with lower levels of technological capabilities face a disadvantage, because the 
codification of technology is low at this �fluid� early stage. High capital and technological 
entry barriers keep firms from developing countries away from entering at an early 
stage. On the other hand, when a dominant design has emerged and the industry is 
more consolidated, high concentration of powerful market actors can virtually impede 
new entry. In spite of this, successful latecomers from emerging economies have usually 
entered the industry in the mature phase. Hobday (1995) showed how latecomer firms 
made use of the price competition during latter stages by focusing on process 
innovation as opposed to product innovation. Perez and Soete (1988) brought this idea 
further by suggesting that rather than looking implications of life-cycles of products 
seen as independent radical innovations, technological paradigms should be the guiding 
posts for identifying �windows of opportunities� for latecomers. Latecomers that 
developed capabilities to produce products according to a previous paradigm will at a 
later point have to pay the price of unlearning vintage technologies and re-learning new 
ones. They can, however, take advantages of learning while everybody else is learning 
and entering while the threshold is lower at the onset of a new paradigm. The authors 
acknowledge that a certain level of existing knowledge and resources are necessary to 
make use of the opportunities. This suggests that the question is two-fold: timing may 
matter not only with regards to entry, but also with regards to responding fast to a 
changing paradigm and redefining the growth trajectory. 

Second, similar windows of opportunities may exist from an institutional point 
of view. Timing, we argue, matters because the global political landscape and 
international trade regimes changed over time and as do the volume and pattern of 
international trade. All these changes influence the potential of firms to access 
technology and information as well as the channels through which they can learn. With 
the emergence of the regulation on tariff and non-tariff barriers, intellectual property 
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rights and new quality standards, technological learning of firms from developing 
countries has changed significantly even over the last fifty years. In short, countries 
starting the catch-up process now face a different environment than those starting in the 
fifties and sixties. 

Finally, in light of these changes the ability of governments to devise and 
implement supportive policies has also been changing. The volume of trade realized 
within different units of transnational corporations has increased exponentially 
(UNCTAD 1997, 2009). The significance of borders is clearly diminishing. International 
political scientists have highlighted a power shift from central governments to a variety 
of domestic and foreign social and economic actors (Mathews 1997). Both political and 
economic developments increased the interdependencies between all these actors have 
increased, which in turn also increased the complexity of governance tasks (i.e. Rosenau 
1997; Simai 1994; Skolnikoff 1993). Yet, at the same time governments have new tools to 
tackle the increased challenges. For instance, the diffusion of information and 
communication technologies (ICTs) offers a greater potential to oversee cross-border 
factor flows and achieve governance outcomes more efficiently (OECD 2003). We 
conclude that the broader political economic context in which catch-up latecomer 
industrialization takes place potentially affects its course and pace.  

2.3 Technological capabilities 

The Gerschenkronian growth potential notwithstanding, the economic backwardness of 
latecomers is a source of disadvantages in terms of capabilities. Leading producers can 
already benefit from scale economies, have access to advanced markets, and also have 
the power to influence suppliers.  They can do so because of their mastery of 
technologies. They have also mastered the knowledge of how to develop new, 
commercially applicable technologies that can sustain their leading position on the 
technological frontier. According to Ames and Rosenberg (1963), the lack of latecomers� 
technological capabilities gives them a disadvantage which may outweigh other potential 
advantages described earlier. Using empirical data on structural change and 
comparative levels of total factor productivity, Timmer (2000) showed that investments 
do not necessary lead to catch-up if they are not associated with the assimilation of more 
advanced technology. This proved the argument of Nelson and Pack (1999) that rapid 
development requires not only capital (including human capital) investment, but also 
learning about and learning to use new technologies, as well as entrepreneurship and 
innovation. 

For neoclassical economists, technology was an exogenous resource, or �manna 
from heaven�, which producers could directly acquire and apply, �transfer� from one 
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country to another. In this simple and abstract scheme previous experience in the use or 
creation of technologies did not matter. However, seminal studies on the nature of 
knowledge and technology point out the tacit element of knowledge (Polanyi 1967), the 
importance of learning by doing (Arrow 1962) and of the historical and institutional 
embeddedness of technology (Rosenberg 1982). Consequently, if a latecomer producer 
decides to apply already existing machinery or methods of production, they not only 
have to invest in acquiring the machines and the training to operate them, but a 
�receptive soil� is also required in order to assimilate the technologies. In contrast with 
the neoclassical view, evolutionary economics offers a �learning-friendly� explanation of 
the processes the creation, assimilation of technology in economic processes (Nelson 
and Winter 1982; Dosi et al. 1988). The evolution of the concept of technological 
capabilities should be viewed against this changed intellectual context. 

Abramovitz (1989) argued that the realization of the potential for catch-up in a 
latecomer depends on how advanced its �social capabilities� are. Hence the difference in 
the age of technologies across countries will not lead to more rapid growth in the 
follower unless there is technical competence (educated human resources) as well as 
physical infrastructure and appropriate political, commercial, industrial and financial 
institutions. These are not static but change over time in an interactive way, should a 
technological opportunity arise. Several other authors have also attempted to specify the 
most important capabilities for catch-up. For Dahlman et al. (1987) technological 
development required production, investment and innovation capabilities. Hobday 
(1995) found production and innovation capabilities to be crucial for development. 
Cohen and Levinthal (1990) argued that firms� innovative capabilities are influenced by 
their �absorptive capacity�, the ability to evaluate, assimilate and apply knowledge that is 
new to them. Lall (1992) made a distinction between technological capabilities at the 
firm level and at the national level. At the firm level, successful commercial operation 
depends on investment, production and linkage capabilities, as well as on the national 
institutional environment and infrastructure. Development, or capability accumulation 
at the national level is the outcome of an interplay of national technological capabilities 
(physical investment, human capital and technological effort), incentives 
(macroeconomic or competitive and the efficiency of factor markets) and institutions 
(including market and non-market ones).  

Bell and Pavitt (1993) distinguished technological capabilities from production 
capabilities at the firm level based on the resources used to produce industrial goods 
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from those needed to generate and manage technological change.7 In practice, however, 
such a distinction is less than straight-forward, but it may help recognize the need to 
investment into technology accumulation in developing countries. Archibugi and Coco 
(2005) acknowledged that at the macro level technological and production capabilities 
were interdependent. Nevertheless, they attempted to separate them in order to 
compare composite technological capabilities indicators of the World Economic Forum, 
UNDP, RAND and their own ArCo index. The rank correlation showed that although 
there was a general agreement on the main components of the indices, different 
methods of weighting and aggregation made a significant difference. Measurement is 
nevertheless important if it can provide an indicator for technology accumulation. 
Nevertheless, Bell (2006) pointed out that the time dimension of the accumulation 
process has remained under-researched. 

As the concept of technological capabilities broadened in scope, it became more 
ambiguous. Fagerberg and Srholec (2008) applied factor analysis to identify the factors 
in overlapping �capability� concepts to highlight four groups of indicators that matter 
most for economic development. Their results point to the importance of capabilities 
associated with innovation (�innovation system�) and governance.  

2.3.1 Technological capabilities, stage models, and their relevance for the 
aerospace industry 

It follows from the preceding argument that catch-up by latecomers is not possible 
without the accumulation of technological capabilities, which is a learning-intensive 
process. Gerschenkron already pointed out the role of locally existing technological 
knowledge, or, even more, innovative activities.8 Lall (2001, 2004) argued that there is a 
potential for underinvestment in advancing capabilities in developing countries, because 
technological learning is risky and unpredictable. Learning only succeeds if firms do it 
deliberately, but firms possess imperfect information and knowledge about the 
technological alternatives from which they can choose. There are several domestic and 
foreign channels through which learning can take place (through interactions with 
customers, input suppliers, technology institutes, universities, consultants, competitors), 
as well as several levels within an organization or in an industry. Once a minimum level 
of know-how to perform industrial activities has been acquired, there are also different 

                                                                                 
7 See also Dutrénit (2004) on capabilities accumulation over time in latecomer firms, or Romijn (1999) for an 
overview on the use of the technological capability concept, on capability building and its importance in 
economic development. 
8 �What makes it so difficult for an advanced country to appraise properly the industrialization policies of its less 
fortunate brethren is the fact that, in every instance of industrialization, imitation of the evolution in advanced 
countries appears in combination with different, indigenously determined element.� (Gerschenkron 1962, p.26) 
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learning paths to follow, depending on how much firms invest in learning. In short, 
firms need to learn the process of learning. At the industry level, since firms do not 
operate in isolation, their interactions with their environment at various levels offer 
externalities of learning and capabilities accumulation. The outcome of capability 
accumulation at the firm level will be catch-up at the sectoral or national level. 

Observers of the successful catch-up of latecomers to high-tech industries in 
Southeast Asia have pointed out commonalities in the various learning trajectories.9 
There is a rich literature on stage models that explain catch-up of successful latecomers 
by their ability to progressively reach technologically more advanced stages of 
production.  

In the model of Kim (1980), South Korean firms first had to implement imported 
technologies before the scientific and engineering staff could assimilate them and 
acquired the capacity to improve them. Throughout this process, firms became 
increasingly competitive, although not without considerable government support in the 
early phases. The learning trajectory described by Dahlman et al (1987) runs from 
production capabilities through investment capabilities to innovation capabilities. Lall 
(1982) emphasized that industries progressed from elementary through intermediate to 
advanced learning capabilities. Hobday (1995, p.1185) has argued that progression is not 
necessarily linear, since research and development (R&D) may be undertaken at an early 
stage. Nevertheless, he found a general tendency of firms starting up simple activities 
systematically at an early stage and gradually accumulating capabilities to perform 
complex activities at a later stage. Chaminade and Vang (2008) argue that developing 
country ICT firms start with competing with low-cost products and advance to become 
knowledge providers in the global value chain. In this transition regional innovation 
systems play a crucial role. 

We argue that these stage models are not applicable to the aerospace industry for 
two main reasons. First, they do not match the distinctive features of the sector. 
Aerospace manufacturing is highly technology- (Smith 2005) and capital intensive. New 
entrants face a very steep learning curve (Frischtak 1994). Access to technology for 
latecomers is limited by the very high entry costs, rather than through patents. The 
industry is characterized by imperfect competition, non-homogenous products and 
major economies of scale. Fixed initial development costs are extremely high (Beaudry 
2001). To overcome private underinvestment in new technology, governments have to 
support manufacturers, either through launch subsidies, export subsidies, military 
procurement or market protection. Arguments of national security, prestige and 
                                                                                 
9 Some authors are debating whether policy makers and managers consciously followed pre-defined strategies 
or were merely experimenting (Hobday 2009). 
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expected spillovers10 to downstream industries and services11 and to other sectors of the 
economy serve as justification for government intervention. Governments can influence 
the sector through industrial, trade, higher education as well as science, technology and 
innovation policies. Intervention is also needed due to the severe demand fluctuations 
for aerospace products, closely correlated with fluctuations in global economic growth. 
Aerospace firms face cyclical changes in demand and recurrent crises within the 
lifetimes of their products.  

Second, stage models are not applicable for aerospace because the sector�s high 
quality requirements demand firms to possess advanced capabilities early on. The 
technological complexity of aerospace products is rather high in even simpler modules 
(Dosi et al. 2003; Hobday et al. 2005). There is a tradeoff between cost and quality at the 
core of many stage models of catch-up. A cheaper but less reliable consumer electronics 
product can be sold in large numbers if the cost is low enough. This trade-off does not 
exist for aerospace products. Quality standards for firms entering the market, even at the 
lower end, are higher than in many other sectors, given that an aircraft or spacecraft is 
as reliable as its weakest component. Latecomer firms can only sell their products if they 
meet the high standards set by the global industry leaders. When producing under 
license for foreign system assemblers, component suppliers are meticulously screened 
by the buyers. In cases of domestic procurement governments have little room for 
relaxing product standards without jeopardizing public safety. The threshold level of 
production capabilities is thus very high. Consequently, what would be categorized as a 
basic stage in terms of development in the stage models presented above in fact show 
characteristics of more advanced stages. Both the acquiring of threshold level 
production capabilities as well as sustained further growth require intensive investment 
capabilities, advanced technological learning in related fields, and (at least new to the 
country) innovation on behalf of latecomer firms.  

Therefore, it is sufficient to distinguish only two stages over the evolution of 
latecomer aerospace industries. An emergent phase in which some companies find a 
niche for their products, and the subsequent phase in which companies aim for 
sustained competitiveness, which is needed to sustain sectoral growth in order to catch-
up with the leaders. For example, the maiden flight of a locally designed new aircraft 
prototype may signal the successful accomplishment of the emergent phase, but it is not 
                                                                                 
10 The measurement of spillover effects related to the aerospace industry is difficult, especially in emerging 
economies. In the case of the Swedish �JAS Gripen� fighter program Eliasson (2010) applied a spillover 
multiplier and estimated that the social returns above the opportunity costs were at least 2.6 times greater than 
the original investment. 
11 Downstream industries and services include transport, telecommunications, navigation, media or earth 
observation, many of which also offer benefits for public bodies. 



THE LITERATURE REVIEW 
 

19 

sufficient to ensure sustained growth. Further innovation in the long run needs to be 
financed from sales, which depends on whether a market niche has been found for the 
new product. Government financing of �infant� firms in the sector is widely accepted. 
But unless state-sponsored producers generate sufficient sales in markets independent 
from procurement by the respective governments, they will not be financially 
sustainable. Eventually, governments and domestic transport firms will be forced to 
purchase high quality aerospace products from foreign competitors. 

It is by no means guaranteed that the second phase follows progressively from 
the first one, or that competitiveness can be sustained. In successful cases of aerospace 
development, there is a transition to sustained competitiveness. But this transition can 
also fail in which case the industry will languish or disappear altogether.  

2.4 Systems of innovation 

The literature on technological capabilities offered a richer understanding of the 
learning mechanisms or technology accumulation. Authors argued that the simplified 
description of development processes as passive transfers of embodied and disembodied 
technologies from leading countries is misleading. The cornerstone of latecomer catch-
up was active learning, which is realized through interactions. Successful latecomers 
were not simply imitators but organized production and distribution in innovative 
ways, often using advanced science and technology to move into nascent industries 
(Freeman and Soete 1997; Fagerberg and Godinho 2005). Some authors stressed that 
one should not distinguish between the processes of innovation and diffusion, since 
�diffusion involves more than the acquisition of machinery or product designs and related 
know-how. It also involves continuing, often incremental, technical change to fit specific 
situations and to attain higher performance standards� (Bell and Pavitt 1993, p.259). If 
that is the case, understanding the functioning of innovation systems brings us closer to 
understanding latecomer dynamics.  

2.4.1 On the origins of the concept 
An innovation system is generally defined as a set of actors from whose interactions new 
knowledge, technology and products are generated, diffused and applied. The �systems 
of innovation approach� received increased interest of scholars and policy makers in 
recent decades for two main reasons: in order to better understand (1) the differences in 
growth performance of countries, and (2) the processes of technological change and 
innovation at various levels. Concerning the first aim, the results of evolutionary 
economics, new growth theory and the economics of knowledge provided very clear 
evidence on the importance of innovation and technological factors to growth. 
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Furthermore they highlighted the crucial role of interaction among firms and other 
organizations for innovation, which are conditioned by institutional environment. To 
offer an alternative to �reductionist� models, the IS approach emerged to offer a broad 
framework of analysis for technological, economic and institutional change.  

Seen from a different angle, scholarly interest in technology and growth shifted 
away from specific sectors to a broader focus on national institutions and networks in 
which all elements play their parts in growth. This happened at a time when Western 
Europe and North America experienced a slowdown in growth and saw the rapid rise of 
Japan. A seminal study was the analysis of Japan by Freeman (1987). Complemented 
with the volumes by Lundvall (1992) and Nelson (1993), these are the �Triad� of basic 
references on innovation systems (Edquist 1997; Lundvall 2007; or Soete et al. 2010). 
The innovation systems approach was primarily influenced by the results from 
evolutionary economics and science and technology studies. Results include the ideas 
that innovating actors face uncertainty and bounded rationality, that innovation 
requires interactions, that institutions and history matter, or the dynamics of techno-
economic paradigms. Already from the very beginning, innovation systems have been a 
very inclusive (or �holistic�) concept. It has attempted to map �the big picture� by looking 
at as large a set of determinants of innovation as possible. In response to studies that 
only treated limited data on R&D inputs and personnel or patents, the growing 
literature has accommodated various narrower and broader definitions of innovation. 
This �catch-all� nature of the concept has not diminished over time, despite some 
authors� attempt to introduce greater methodological rigor (see the �comparability� 
critique below). 

At the macro level, List�s systemic view of a developing economy is clearly 
reflected in the innovation systems concept. With regard to the micro level, the systemic 
view of the innovation process can be traced to the synthesis of debates in innovation 
studies (such as the �technology push� vs. �market pull�) or the idea behind the �chain 
linked� models of innovation (Kline and Rosenberg 1986). Moreover, due to their 
interaction, the macro and micro levels co-evolve. Seen from a firm�s point of view, 
innovation depends on technological opportunities, the availability of loans and 
(venture) capital, a legal regime guaranteeing the appropriation of results, many of 
which lies beyond their control. On the other hand, if governments strive to become 
competitive and achieve growth in their countries, they need to provide a favorable 
institutional environment for firms to innovate.  

The recognition of these interdependencies resulted in an increased scholarly 
interest in comprehensive, descriptive studies of the processes of social, economic and 
technological change in a historical and institutional context, or appreciative theorizing, 
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combining elements of political economy, evolutionary economics, history of 
technology and social constructivism. At the �meso level� the analysis of industrial 
dynamics found support in empirical and modeling works on interactions between 
consumers and producers or knowledge actors  (Malerba 2007). 

Following from the understanding that interactions are at the heart of the 
innovative processes, institutions, the rules and norms that govern them are central to 
the IS approach. There is a clear agreement that institutions cover market as well as 
non-market interactions and provide the �fiber� of innovation, unfortunately there is no 
single definition of institutions. Some authors refer to educational or research institutes 
as institutions (i.e. Nelson 1993) while others call them organizations. Institutions in 
this book are defined according to North (1990) as �rules of the game�, and are 
distinguished from organizations which are considered as actors of the system. 

2.4.2 Level of analysis 
The National innovation systems perspective, which associated differences in growth 
across countries with institutional differences affecting creation and diffusion of new 
technologies, assumed that national borders mattered. Based on Landes (1969), Nelson 
and Rosenberg (1993) argued that historical and cultural differences, the timing of 
industrialization process and government policies shaped national institutions, laws and 
policies. This gave rise to a debate from two directions. First, it was questioned whether 
innovation activities and their effects were bound by national borders. Ideas and 
research results are easily exchanged in a global community of researchers and are 
difficult to appropriate, firms technological collaboration are often international, and 
regional integration often also covers science and technology (see i.e. Freeman and Soete 
(2009) or Caracostas and Soete (1997) on �post-national systems of innovation�). 
Shifting the geographical focus to sub-national level of clusters and regions revealed 
differences in innovative activities due to institutional differences in the �regional 
innovation systems� literature (Cooke 1996, 2008; Maskell and Malmberg 1999; 
Malmberg and Maskell 2002; Asheim and Gertler 2005; Doloreux and Parto 2005).  

Second, it was debated whether differences between innovation systems were 
technology-specific or sector-specific. This was primarily a methodological �point of 
entry� problem about whether the dynamics of a technology domain or the dynamics of 
an industry are of interest. Two different strands of literature emerged. The �technology-
specific innovation system� strand is concerned with the systemic explanations of 
technological change as well as their societal implications (Carlsson and Stankiewicz 
1995; Jacobsson and Johnson 2000). The �sectoral innovation systems� literature (Breschi 
and Malerba 1997; Malerba 2002, 2004) focuses on questions of innovation, 
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competitiveness and industrial performance in a sector which is defined by a set of 
products. 

Malerba (2004) argued that differences in the sectoral environment explain 
differences in the processes of learning and innovations. Sectoral systems of innovation 
(SSI) are defined by three major �building blocks�: (1) actors, (2) the knowledge base and 
the technological domain and (3) their systematic interactions and institutions. Actors 
encompass not only firms, but also non-firm organizations as well as individuals. They 
range from producers to users, input suppliers, universities and research organizations, 
financial institutes, trade unions, technology associations, entrepreneurs and scientists. 
The importance in the innovation process of different types of actors differs from sector 
to sector. Actors in a sector are heterogeneous, and their different technological and 
learning capabilities, beliefs, objectives and organizational structures are all sources of 
sectoral dynamics. Their behavior and interactions take place in an environment that is 
shaped by different institutions: norms, routines, common habits, established practices, 
rules, laws, standards, etc (see North 1990). Some rules are more binding than others; 
some are more formal than others.  

2.4.3 Applying a sectoral systems of innovation approach for latecomer 
aerospace industries 

The sectoral systems of innovation approach can add useful insights to a study on 
sectoral growth and catch-up in latecomer aerospace industries. First, it offers a 
�mapmaking� tool for an exploratory study. In an industry where history plays an 
important role in explaining industrial dynamics, it duly focuses on the heterogeneity of 
actors, their changing capabilities, the quality and frequency of their interactions. A 
detailed, qualitative study is crucial to understand why the industry is performing well 
in one country and what structural failures or institutional blockages hamper 
innovation and growth in others. It can also reveal what actual tradeoffs innovating 
firms or policy makers face. 

Second, the sectoral innovation systems approach is suitable because it focuses 
on the �meso-level�. If innovations in complex products were the object of our research, 
the recent work of Hobday et al (2005) and Dosi et al (2003) could be an alternative 
point of entry.12 But innovation and growth in a sector are of course influenced by firm-
level dynamics, and similarly by macro-level national policies. Our approach thus needs 

                                                                                 
12 The �complex product systems� (CoPS) literature on system integration which takes place within as well as 
between firms. It also explains industrial dynamics since modularity in complex products is reflected in 
industrial structures and alliance formation. The aerospace industry is often showcased as an example for such 
a system. 



THE LITERATURE REVIEW 
 

23 

to be more comprehensive, beyond the micro level but below the national level, and can 
be called as a national-sectoral approach. 

Innovation systems approaches have often been criticized for the lack of a clear 
definition on what belongs to the system and what remains outside its borders. 
Lundvall�s suggestion to overcome this problem was to identify the core and the wider 
setting of an innovation system (Lundvall 2007). The newly emerged �functional strand� 
of innovation systems literature suggested focusing on key functions which systems 
fulfill (Liu and White 2001; Carlsson et al. 2002; Hekkert et al. 2007; Bergek et al. 2008). 
Seen from a different angle, a set of products can also define sectoral system boundaries 
(Malerba 2004), although radical innovations in the long-run will most likely modify 
them. Nevertheless, a product-core can also be applicable in the long-run in case of a 
catching-up industry, where this core is �extrernally-given� by those at the technology 
frontier.13 

Another point of criticism of innovation systems studies is their lack of 
comparability over time and space. This can be an important methodological problem, 
since the framework only defines the building blocks of systems in general, but there is 
large variation within the categories. Those studies that take a comparative perspective 
employ indicators on building blocks and innovation in a systematic way and offer 
valuable insights (at the national level e.g. Nelson (1993), or at the sectoral level (Mani 
2005, 2009; Intarakumnerd and Fujita 2009). This is definitely a direction worth 
pursuing. Nevertheless, one should exercise caution when trying to measure the 
performance of an innovation system in transition, for Szalavetz (1998)  pointed out 
that �hard indicators� can be misleading. 

2.4.4 Incremental and radical changes in innovation systems 
From the very origins of the concept, innovation systems have conceptually been 
associated with socio-economic change. With the increasing availability of longitudinal 
data on innovative performance of interrelated actors, there is increased interest in 
understanding how systems change over time, both in qualitative and quantitative terms 
(Lundvall et al. 2006; Dodgson et al. 2008). Fundamental changes in the economy as a 
result of creative destruction (Schumpeter 1934) or the emergence of new technological 
paradigms (Dosi 1982; Freeman and Perez 1988; von Tunzelmann et al. 2008) have been 
widely discussed. These theoretical works focus on an aggregate level. We still need to 
expand our understanding of the co-evolution of science and technology, innovation 
and production and the relevant institutional arrangements at sectoral levels. In other 

                                                                                 
13 The fact that technology applied for aerospace production may originate from other sectors does not reduce 
the power of the approach, as long as the technology flows are carefully considered. 
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words, how are changes in the innovation system connected to changes in a sector�s 
physical production? 

Evolutionary aspects of innovation systems have received increased attention in 
recent years.14 Two distinct patterns of system change are crystallizing from these works. 
The first type of change refers to incremental changes along a given trajectory (bounded 
by path dependence). The study of the Taiwanese integrated circuit industry by Lee and 
von Tunzelmann (2005) provides useful insights into this type of dynamics, in which the 
interplay of sub-systems and major actors are at the core of a more gradual system 
change. 

The second type of innovation system change refers to a more fundamental 
system transition. In the �appreciative theorizing� model of Galli and Teubal (1997) 
paradigmatic changes and structural adjustments of national innovation systems are 
driven by exogenous environmental pressures. The changes involve restructuring of 
networks, changing openness to the outside world, increased interactions between the 
subsystems (i.e. inter-firm relations evolve beyond simple market-based transactions), 
and the creation of new technology interface units. Lundvall et al (2006) singled out 
institutional rigidity as the key barrier to growth of a NIS beyond a certain point. System 
transitions refer to changes in the �constellation of institutions� and changes �in the 
relationship between producers and users of knowledge�. A system transition is 
required to overcome a contingency mismatch (when change in the environment makes 
the existing institutional set-up ill-suited for new conditions) or when a system reaches 
its inherent limits as a result of endogenous growth. In the domain of technological 
systems, in the multi-level framework proposed by Geels and Kemp (2006), transitions 
are shifts between technological trajectories, which involve the emergence of a radical 
innovation incubated in a �technological niche�. Transitions are also discussed in the 
functional dynamics literature, where the authors associate the fulfillment and 
interaction of functions as a prerequisite for systemic change (Hekkert et al. 2007; 
Bergek et al. 2008). Considering that functions are inherent in all institutions, it is fair to 
say regardless of the perspective, all strands of literature appear to agree that following a 
successful transition, the basic functions or structure (or architecture15) of a new system 
will look fundamentally different from the previous one. 

                                                                                 
14 (C.f. Galli and Teubal 1997; Lee and von Tunzelmann 2005; Lundvall et al. 2006; McKelvey and Holmén 
2006; Geels and Kemp 2007; Edquist and Hommen 2008; Dodgson et al. 2008; Dolata 2009; Malerba and Mani 
2009), 
15 The management literature offers interesting insights as well. The concept of architectural innovation, 
introduced by Henderson and Clark (1990) originally refers to changes on the product level in the way the 
main components are linked together. Consider the product design architecture as a simple system, a 
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The cyclical nature of the aerospace industry requires a model that incorporates 
not only incremental but also radical innovation system change to explain latecomer 
development. Recurrent booms and slumps in demand regularly pose challenges to both 
production and innovation. It is reasonable to assume that not only firms, but the 
system as a whole is affected by demand fluctuations. The industry�s performance 
depends on how the innovation system as a whole manages to cope with these 
fluctuations. 

A central problem with quantitative analysis of radical and incremental 
innovation system changes is often the lack of detailed long-term data. Nevertheless, 
change in inputs, demand and output; changes in the number of actors or changes in the 
intensity of interactions (network characteristics) are indicative of the dynamics on 
innovation system. But in addition to looking at such indicators, qualitative analysis is 
required to highlight changes in the knowledge base and learning processes, changes in 
the nature of interactions among actors (including change network hub change), 
institutional change, changing processes of variety generation and selection. 

2.4.5 The punctuated equilibrium model of innovation dynamics 
The punctuated equilibrium theory on innovations assumes that there are two kinds of 
changes defining long-run technological development. The more subtle incremental 
innovation is from time to time punctuated by discontinuities and radical change. The 
theory originates from evolutionary biology and gained popularity in the innovation 
and especially in the management literature after the 1970s. 

Abernathy and Utterback (1978) linked the two types of technological changes to 
the maturity of enterprises. Early on, new firms enter the market with radical product 
innovations. If these innovations become dominant designs, their producers shift focus 
from product to process innovations. Tushman and Anderson (1986) demonstrated at 
the industry level in three cases (minicomputer, cement and airlines) that technological 
innovation follows a punctuated pattern. They also showed that major technological 
breakthroughs in a sector do not necessarily result in high environmental turbulence, as 
long as these are initiated by incumbent firms. However, if new entrants introduce 
radically new technology, it will be competence destroying for existing firms and will 
increase competitive uncertainty. Romanelli and Tushman (1994) showed that a similar 
pattern of changes characterizes organizational development. Equilibrium periods, 
which are relatively long periods of stability, are punctuated by �relatively short bursts of 
fundamental change�. These radical changes create new activity patterns for the 

                                                                                                                                                                                                      
structural change of the linkages of the system that offers a competitive edge to a firm is analogous to 
architectural innovation in a national or sectoral innovation system. 
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organization and settle into a new equilibrium. Their reasoning why stability periods 
emerge can be relevant for the industry level as well, not only at the organizational level. 
They argued that actors (buyers, suppliers, financiers) are legally and normatively linked 
to one another and these relationships constrain their activities. In short, institutional 
inertia is an important source of stability. A further explanation of institutional stability 
is found in technological community dynamics. Rosenkopf and Tushman (1998) show 
that cooperative technological organizations emerge in times of radical change (in 
periods of �ferment�) and become dominant communities for over a longer period while 
technology changes incrementally. 

Combining these results has important consequences for long-run sectoral 
innovation systems dynamics. According to the theory, two of the key components of 
sectoral innovation systems, the technology base and the actors evolve along a trajectory 
characterized by incremental changes punctuated or interrupted by radical changes. 
Malerba and Orsenigo (1996a, 1996b) confirmed that the interacting technological, 
organizational and institutional changes as well as changing demand define the internal 
dynamics of industries. It follows that radical changes should also characterize the 
evolution of sectoral innovation systems. There are two questions. First, is it possible to 
identify these changes? Second, do such radical changes occur in technology followers 
or only at the technological frontier, to which the previous studies referred to? 

2.5 Previous studies on innovation and growth in latecomer aerospace 
industries 

Scholars of innovation, economics of technological change, industrial organization, 
political science and sociology have all found ample room for research in the aerospace 
industry.  The factors that influence the creation of a new aerospace product are just as 
much technological as economical or political. The multifaceted nature of the industry 
offers various points of entries for research which we briefly present in this section. 
Approaches concerned here are those focusing on innovation, technological change and 
industrial growth in the long run.16 First we look at studies on countries at the 
technological frontier, next at studies of latecomers. 

2.5.1 On the evolution of the aerospace industry at the frontier 
For much of the second half of the 20th century, developments in the US were equivalent 
to developments at the technological frontier. Mowery and Rosenberg (1985) studied 
                                                                                 
16 This also implies that important issues such as market dynamics and firm behavior, competition and 
collaboration (Golich 1992; Hayward 1994) or strategic trade theory (Brander 1981; Brander and Spencer 
1985; Lawrence 2001) are left outside the scope of this investigation. 
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innovation and institutional development in the commercial aircraft industry in the US. 
They showed a long-run transformation in the innovative performance and industry 
behavior due to changing policy regimes. A shift from public to private funding and 
deregulation at the end of the 1970s increased development costs and financial risks for 
aircraft and engine producers, who in turn found a solution in multinational 
collaboration. Subsequently international collaborative ventures have increased 
competitive pressure on components and parts manufacturers. Mowery (1987) and 
Esposito (2004) take a closer look at alliance formation in the sector. 

The effect of the aerospace industry on economic growth has puzzled many 
economists. Surprisingly, no one ventured to measure its contribution to GDP growth 
in the same way Fogel (1964) has analyzed the contribution of railroads.17 But there are a 
number of other attempts that led to interesting results. In a historical approach Ruttan 
(2006) argued that in the US general purpose technologies developed due to defense 
purposes (such as satellites or the internet) spurred economic growth. Poole and 
Bernard (1992) found a negative impact of military production on total factor 
productivity growth in aircraft manufacturing in Canada. Eliasson (2010) calculated 
positive spillover effects of a Swedish fighter jet development program.  

The growth effects of the industry are most clearly visible at the regional level. 
There is a growing literature on aerospace clusters, ranging from Seattle (Erickson 1974) 
and Montreal (Niosi and Zhegu 2005, 2010) to Southern UK and Wales (Beaudry 2001; 
Cooke and Ehret 2008, 2009).  

The aircraft industry has long inspired scholars of technological change and 
evolutionary economists (see e.g. technological paradigm shifts in (Dosi 1982). In a 
series of articles Vincenti discussed the evolutionary nature of development in 
technologies such as air propellers (1979), flush riveting (Vincenti 1984), airfoil design 
(1986) and retractable landing gear (1994). Frenken et al. (1999) tracked variety and 
niche creation, Frenken and Leydesdorff (2000) studied scaling trajectories. Benkard 
(2000) showed that technological accumulation is not simply a process of constant 
learning, but as firms evolve they make strategic choices on both learning and forgetting 
certain production technology.  

Aerospace firms in countries such as Canada or Japan are also relative latecomers 
compared to the US and provide interesting insights into understanding technological 
learning and capabilities accumulation (see Lukasiewicz (1986) on the failed fighter jet 
development in Canada; Mowery and Rosenberg (1985), Kimura (2006, 2007), McGuire 

                                                                                 
17 Such a calculation is not without challenges. Time saving due to air travel in contrast with rail or 
intercontinental sea travel could reveal some of the effects. 
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(2007), King and Nowack (2003) on the accumulation of technological capabilities in 
Japan). 

2.5.2 On the aerospace industry in latecomer economies 
The historical experience of Latin American and Asian countries with the aerospace 
industry since the 1960s and 1970s has been increasingly studied to answer questions 
such as why countries chose to enter the sector; how they managed technology 
accumulation in aerospace and in related industries; how clusters were formed; what 
government policies and firm strategies were followed.  

The early realization of the importance of institution building in the 
development of the sector allowed for a political economy perspective, especially if these 
studies focused on government policies. In addition, insights from the management 
literature were used to explain firm strategies. The export success of Brazil made it one 
of the benchmark cases (Sarathy 1985; Moxon 1987; Ramamurti 1987; Frischtak 1992, 
1994; Goldstein 2002a, 2002b; Goldstein and McGuire 2004). Other countries and 
companies studied included Indonesia (McKendrick 1992; Eriksson 2003), China 
(Nolan and Zhang 2002; Goldstein 2006), and Argentina (Hira and Oliveira 2007). 
Texier (2000) provides insights on South Korea by explaining a conglomerate�s 
diversification into aerospace. 

Product and industry life cycle theories (Vernon 1966; Abernathy and Utterback 
1978; Utterback and Abernathy 1975; Gort and Klepper 1982) offered a generic 
explanation as to how and why aerospace products diffuse to developing countries 
during the more mature phase of their life cycle. Niosi and Zhegu (2008) show that these 
theories are only partially appropriate to explain developments in the industry. They are 
valid to the extent that developing countries only entered the industry after a shakeout 
occurred during and after the Second World War. However, there was no clear evidence 
of a shift of production and innovation to new competitors in developing countries as 
new competitors mostly emerged in industrialized countries. Moreover, there were 
several cycles during the 100-year development of the industry, and at least two 
dominant designs emerged.  They conclude that product and industry life cycle 
approaches should be complemented with a look at sectoral innovation systems. The 
studies by Marques (2004), Marques and Oliveira (2009) and Mani (2010) are good 
examples of how the sectoral innovation system facilitated technological capabilities 
accumulation in Brazil and India. Baskaran (2001) and Steenhuis et al. (2007) 
emphasized the importance of both indigenous efforts as well as interactions between 
domestic and foreign actors, because a strategy of self-reliance is bound to fail. Romero 
(2010) discussed the recent trend of foreign aerospace firms moving to a developing 
country (Mexico), and shows the attracting force of clusters. 
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All these studies have expanded our understanding of the aerospace industry in 
emerging economies. They provide for the insights and short-term data needed for 
analyzing long-run catch-up patterns. But the possibilities for further research remain 
ample. First, firm or country-level case studies on company growth or innovative 
performance are most meaningful in an international comparison. This has not been 
possible due to lack of comparative data, as many of the studies explicitly point out. 
Ideally, a comparison should be comprehensive and take into account industry leaders 
as well as other latecomers. It should � ideally � also cover measures of industrial and 
innovative performance. A second possible direction for research is to explore and 
explain industrial dynamics of the sector across countries, over a long time-span. The 
aim would be to shed light on the co-evolutionary processes in national-sectoral 
innovation systems. It also opens a window on understanding how emerging companies 
succeed over time on the local and global market.  

2.6 Technological change and industrial dynamics in the jet age 

The technological frontier in aircraft manufacturing was shifted outwards again and 
again by innovators located in the advanced industrialized economies, creating a 
moving target for latecomers to catch up with. In order to see what the benchmark for 
latecomer innovators was in a given period we provide here a general overview of major 
changes in key technological domains, including changes in the organization of 
production. A detailed study of technological development in the global aerospace 
industry is beyond the scope of this book. Rather, we will discuss major technological 
leaps in a stylized manner. Next we turn to major milestones in the global aircraft 
industry (mainly in the commercial industry), which happened in what many (i.e. 
Frenken 2006) called the paradigmatic phase of the jet era. The diffusion of the jet 
engine, increased intercontinental air traffic, and major changes in financing aerospace 
innovation has led to innovation in the organization of the industry. Understanding the 
main drivers of internationalization for leading producers is important to understand 
the context in which latecomers can operate. 

2.6.1 Major driving force of innovation 
Innovation in aircraft manufacturing took place in four domains: propulsion, applied 
materials, avionics, and the organization of the design and production process. 

The importance of demand in driving innovation can be seen in the first row of 
Table 2.1 which summarizes the generic considerations driving technological advance in 
aircraft and engine development. Of course, demand is specified in light of what is 
technologically feasible, but at the aggregate level of the industry, there are a few rather 
distinct goals. 
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It is interesting to see on the one hand that from the 1970s further speed increase 
lost its importance, which happened at the time when jet technology became mature 
with the diffusion of the turbofan engine. On the other hand, the oil crisis and 
subsequent decrease in military spending directed attention to energy efficiency and 
cost reduction.  

Propulsion in aircraft manufacturing has undergone a radical change from 
propeller to jet technology (discussed in section 2.6.2). Since the 1950s itdeveloped 
along a single trajectory and innovation was primarily incremental (see discussion above 
in turbojet and turbofan technology).18 The maturity of the engine industry is reflected 
in the small number of turbofan, turboprop and turboshaft (for helicopters) engine 
producers.19 Propulsion of rockets, missiles and spacecraft has seen more radical 
innovation, although liquid fuel systems still represent the dominant design, despite 
their disadvantages (cannot be turned off after ignition, relatively low thrust per 
quantity of fuel consumed).  

The choice of materials not only defines strength and durability, 20 but it is also 
central to efficiency in aerospace. One way to boost efficiency is to create more powerful 
engines using metal alloys21 that can withstand very high temperatures (over 1000°C). 
Another way is to reduce structural weight by using composites. Composites are 
materials combining two or more (in)organic components. They offer the advantage of 
light weight, yet still strong structure and thus help reduce operating costs. Fiberglass 
was already applied in the automobile industry in the 1950s. During the 1960s and 70s, 
new materials such as boron/epoxy, graphite/epoxy; kevlar/epoxy were diffusing to 
secondary aircraft structures, originating mostly from military programs. Despite the 
promising weight reduction they offer, composites have serious drawbacks that explain 
why so many producers have chosen not to use them in primary structures. In 

                                                                                 
18 There were of course other more significant technological innovations, such as the application of results 
from turbojet technology to propeller systems, by creating turboprop engines instead of piston engines.  
19 As discussed above, the three major manufacturers are General Electric Aircraft Engines and 
Pratt & Whitney (United Technologies) in the United States and Rolls-Royce in the UK. In addition to these 
companies (and their joint ventures) who are controlling the large civil aircraft market, smaller engines 
producers (for commuters, executive jets or military aircraft) include SNECMA and Turboméca of France; 
MTU (DaimlerChrysler) of Germany; Volvo Flygmotor of Sweden; FiatAvio of Italy; Aero Engine 
Corporation in Japan; Williams International, Textron Lycoming, Honeywell of the US, and Klimov, 
Kuznetsov, Aviadvigatel, and Saturn of Russia. 
20 Strength and durability requirements have led to the increased use of steel and titanium. Titanium and its 
alloys have a high strength/density ration, are corrosion resistant, high operating temperature and are 
compatible with composites, yet they are difficult to form and have high machining costs and high notch 
sensitivity. (For more on materials used in aerospace, see Mortensen (2007).) 
21 Metal alloys are substances composed of two or more metals or of a metal and a nonmetal; mostly created by 
melting and dissolving the components. 
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comparison with metal components, inspection of flaws in composites is more difficult 
and production is more costly because of its labor-intensity. Maintenance costs are also 
higher because, unlike with metal, repair of composites is not possible, and replacement 
parts are once again more expensive. Boeing aircraft produced in the 1970s and 80s were 
using composites accounting for hardly more than 3% of total weight, and the first 
Airbus model contained around 5% composites. The A-320 of the mid 1980s was the 
first commercial aircraft to have 10% composite share, the first Boeing with a similar 
share was the B-777 (Table 2.1). Military aircraft, mostly because of different MRO 
requirements and stealth considerations, were more ready to use composites, the F-18 
E/F and the F-22 of the 1990s had 19 and 24% share respectively.22 Boeing took a large 
step with the launch of the B-787 Dreamliner which has a fuselage made of carbon fiber, 
and a composite share of over 50%.23 

Technological advance in avionics has accelerated in the past decades. A 
substantial share of the information and communication technologies and electronics 
used in our daily life include parts or solutions that were developed in aerospace 
applications. Before the 1960s onboard sensors, displays and controls were analogue and 
independent from one another. The mechanical instruments were gradually replaced by 
computers with increased interconnectedness. Avionics are used for a broad range of 
functions, including navigation and communication, flight control, engine control, 
flight management, subsystem monitoring and control, collision avoidance and weather 
detection. Additional functions in military aircraft include radar, infrared and other 
target sensors, weapon management, electronic countermeasures, mission planning, or 
formation flight control. By architecture, they encompass displays, controls, 
computation, data buses, safety partitioning, environment, standards (Kayton and Fried 
1996). 

 
 
 

  

                                                                                 
22 Deo, Ravi B. et al �Low-Cost Composite Materials and Structures for Aircraft Applications� 
http://ftp.rta.nato.int/public/PubFullText/RTO/MP/RTO-MP-069%28II%29/MP-069%28II%29-
%28SM1%29-01.pdf  
23 The composite structure has been a source of significant delays in the launch of the B-787. Boeing dismissed 
the criticism concerning maintenance difficulties, but the plane is currently undergoing testing and is yet to 
see daily commercial operations.  
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Table 2.1 Overview of major new-to-the-world innovations in civilian aircraft 
 1950s 1960s 1970s-80s 1990s 2000s 

Major goals for 
innovatorsa 

Speed increase speed and 
capacity 
increase 

Economical use, 
fuel efficiency 
increase 

Cost reduction, 
noise reduction, 
capacity increase 

environmental 
considerations 
(Lower CO2 
emissions), 
increase airline 
revenue, cost 
reduction 

Major innovations in 
aircraft propulsiona 

Turbojet: 
P&W JT3C 
(1952);  
Turbofan: 
P&W JT3D 
(1958) 

Turbofan:
P&W JT8D 
(1964), JT9D 
(1966);  
RR RB211 
(1969) 
GE CF6 (1971); 
 

Turbofan:
CFM56 (1974); 
P&W PW2000 
(1979), PW4000 
(1987); 
RR RB211-535 
(1983);  
IAE V2500 (1983) 

Turbofan:
RR Trent 700 
(1990); -800 
(1993);  
P&W PW4000-100 
(1994), 
GE90 (1995) 

Turbofan: 
RR Trent 900 
(2004) 

Most advanced  
aircraft types 

Comet I; 
Caravelle; Tu-104

B-707, DC-8; 
B-727; B-737; 
Concorde 

B-747; DC-9; 
B-737; A-300;  
L-1010; DC-10;  
B-757; B-767 

MD-11; B-777; 
A-330; A-340 

A-380 
B-787 

Applied materials;
(Composite share of 
weight) 

Aluminum; steel; 
metal alloys 

Aluminum; steel; 
metal alloys,  
composites 
(fiberglass; 
boron/epoxy) 

Aluminum, steel; 
titanium, metal 
alloys, Composites 
(boron/epoxy; 
graphite/epoxy; 
Kevlar/epoxy): 
B-737: ~3% ;  
B-747: 2%; B-757, 
B-767: 3%; A-300: 
5%;  A-310: 7%; 
 A-320: 15%; 

Aluminum, steel; 
titanium, metal 
alloys, Composites:
B-777: 10% 
composite;  
A-330/340: 12% 

Aluminum, steel; 
titanium; metal 
alloys, 
Composites: A-
380: 20%  
B-787: 50+%  

Internationalization of 
productionb,c 

 Share of foreign 
components:  
B-707: 0% 
B-727: 2% 

Share of foreign 
components:  
B-737: 10% 
(1970s) 
B-767: 15% 
(1980s) 
 

Share of foreign 
components:  
B-777: 30% 

Share of foreign 
components:  
B-787: 70%  
(60% of all 
products) 

Avionics None 
(Independent, 
analogue 
instruments) 

First 
appearance of 
on-board 
electronics 

Fly-by-wire; (first-
all-digital: A320 
1984) 
CRT electronic 
flight displays; 
inertial navigation 
systems, auto-
landing systems 

LCD display; 
satellite 
communication, 
GPS navigation; 
integrated modular 
avionics 

Electronic flight 
bags; air-ground 
data link; terrain 
awareness 
system;  

Source: Own compilation based on (a) Sehra and Whitlow (2004, Fig.1); (b) Craypo and Wilkinson (2003, 
p.294); (c) �Globalization Bites Boeing� Businessweek 13 Mar 2008; Mortensen (2007); 
 
Flight data processing and instrument panel displays have changed radically in recent 
decades. During the 1960s and 1970s, R&D focused on onboard computers ad cathode-
ray tube (CRT) technology. By the 1980s the first �glass cockpit� aircraft were introduced 
(B-757/767, A-320). Flight management computers and displays giving feedback on 
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engine and subsystem performance significantly reduced cockpit workload and made a 
separate flight engineer unnecessary in the cockpit.24 CRT displays were heavy and 
bulky, and were replaced by LCD screens in the 1990s. They became also very popular in 
general aviation, where single-pilot operations were fundamental.  

Commercial aircraft today contain over a thousand sensors and boxes of 
electrical components. The very high reliability, safety and testing requirements (both in 
hardware and software) and complex architecture make avionics very costly aircraft 
components, typically amounting to 30 percent of aircraft costs. (In advanced military 
aircraft they can even reach even exceed 50 percent, in some spacecraft 70 percent.)25 
Today the market is dominated by Rockwell Collins or Honeywell of the United States, 
Thales Avionics in France, and BAe Systems of the UK. A burgeoning set of 
international suppliers and partners provide sub-systems. 

2.6.2 The diffusion of the jet engine  
The rapid expansion of the industry is related to the radical changes brought about by 
the jet engine in military and commercial aviation. The resulting expansion of air 
transport in turn has shrunk the planet and allowed an unprecedented scale of 
international collaboration in development, production and marketing in all industries, 
including aerospace itself.  

The jet engine was first patented by Sir Frank Whittle in 1930, but in 1939 Hans 
von Ohain was the first to design one that actually powered an aircraft, the Heinkel 
He178.26 The main advantage of the jet technology27 over the dominant piston engine of 
the era was a significantly greater power to weight ratio. Given its strategic potential, the 
turbojet technology diffused rather fast across countries during World War II. In 
Germany, Messerschmitt 262 flew for the first time in 1942. In the same year in the 
United States the GE I-A engine mounted on a Bell P-59 made its maiden flight. In 1943 
the British De Havilland Vampire fighter flew for the first time and in the following year 

                                                                                 
24 Most airliners in the 1950s flew with a crew of 3 or 4. New displays reduced pilot eye scanning cycle by 
providing primary data on a single screen. The basic concept of Boeing�s Engine Indication and Crew Alert 
System developed the B-757/767s can be found in the latest models. 
25 The increased complexity of avionics software development can be seen in two indicators: cost of software 
development for U.S. defense programs rose from $5 to $35 billion between 1985 and 1995; Military aircraft of 
the 1960s had 20,000 lines of codes, modern fighters and commercial transports have several million. 
(�Aerospace industry� Encyclopaedia Britannica Online. Retrieved: 22 Oct 2010) 
26 Constant (1980) provides a careful study of the evolutionary development of the turbojet engine. The author 
makes a case for the parallel development both in the UK and Germany. 
27 A jet engine (or gas turbine) operates based on the principle of Newton�s third law (for every reaction there 
is an equal, opposite reaction). Air taken in goes through a compressor and is mixed with fuel in a combustion 
chamber. Rapidly expanding exhausted gas then rotates the turbine blades and thus provides thrust for 
forward movement. 
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Rolls Royce started to work on the Nene engine. The first Soviet jet fighter, the MiG-9 
followed suit in 1946.  

Only after the war did the jet technology diffuse in civil aviation. In 1949 the first 
commercial jet to fly was the British De Havilland Comet 1. The aircraft debuted in 1952 
in scheduled service between London to Johannesburg,28 heralding the age of jet 
transportation. However, the first-mover had to pay a high price because of repeated 
crashes due, as it was eventually diagnosed, to metal fatigue (see Rosenberg 1976; 
Verspagen 1999).  The reengineered Comet 3 plane was less successful than the new 
designs developed by the follower competitors29 from the US, and thus Comets lost the 
market to the Boeing B-707 and the Douglas DC-8.30  

Almost at the same time, in the Eastern bloc, the Soviet Tupolev Tu-104 flew for 
the first time in 1955. The Comet and the Tu-104 had many similar features, including 
the wing-root mounted engines, the Tu-104 was a larger, faster and stronger 
construction. More importantly, the plane had rounded windows and was thus not 
vulnerable to metal fatigue. Both of these aircraft represented a milestone in aviation 
history, half-way between the propeller-age and the jet-age. They were pioneers of a new 
concept, yet in many ways (e.g. wing loading or control systems) reflected the old 
philosophy of propeller-driven aircraft (Loftin 1985). 

Following the introduction of the technology in Europe, a new dominant design 
emerged in the USA. This was the Boeing B-707, which first flew in 1954 and entered 
into service in 1958. Boeing�s design incorporated the lessons learnt from own military 
aircraft production (e.g. the B-47) and from European pioneers in commercial aircraft. 
Low-positioned, sweepback wings offered efficiency at high-altitude, high-speed cruise. 
Four turbojet engines attached underneath in single nacelles made repair easier. The 
plane could carry a maximum of 189 passengers to a maximum distance of nearly 
12,800 kilometers, allowing non-stop travel over almost all the oceans and continents. 
The B-707 soon became the most successful jet plane of its age, with over a thousand 
                                                                                 
28 In the same year the London-Ceylon and London-Singapore, in the following year the London-Tokyo 
routes were opened. Flying time between these latter two cities dropped from 85 hours to 36 hours (Loftin 
1985).  
29 The technological leadership of Europe over the US before World War II is undoubted (Moran and Mowery 
1991). Nothing reveals better the nature of the competition between the UK and the US than the diplomatic 
row between the two countries. The Americans may have been trying to win time by tying up British aircraft 
sales efforts �in security red tape�, arguing that the Rolls-Royce Avon axial engine powering the Comet 2 as 
well as military jets constitutes a secret that should be kept out of reach of the Soviets (Engel 2000). 
30 The last of the 114 aircraft produced were delivered in 1964. It is also interesting to see that the nose section 
and cockpit layout of the Comet was used for the French Sud Aviation�s Caravelle that flew for the first time in 
1955 and entered into service in 1959 and became more successful on shorter routes and at airport with 
shorter runways. The plane could carry 80 passengers (later Super -12 models were increased to 140). A total 
of 280 were built. 
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built by 1979. Frenken and Leydesdorff (2000) showed empirically how the company 
could exploit the design principles of the B-707 in subsequent rescaled models built to 
meet user needs (along what the authors called a �scaling trajectory�).  

With a very similar design but a longer fuselage, the DC-8 could carry 60 more 
passengers than the 707 (although at a cost of offering a shorter maximum range: 11,300 
km). It first flew in 1958 and entered into service in 1959. In a relatively short 
production cycle � it was produced until 1972 � a total of 550 were built. These two 
planes (and a few very similar followers)31 brought revolutionary changes to the air 
transport industry. Trans- and intercontinental travel grew rapidly as it became faster 
and more accessible to large part of society. In the US high fuel consumption, at least 
before the oil crisis, was a less important issue. The long take-off runway requirement (3 
km) of these jets triggered the development and construction of new airports. As Moran 
and Mowery (1991) note, the US federal government was always ready to bail out 
defense contractors (such as Douglas or Lockheed) when they were overrunning costs 
with commercial aircraft development. Moreover, the world�s largest market, the US, 
was highly regulated, spurring competition not in price, but in service and quality, 
which in turn boosted the development of new technologies and their rapid adoption. 
As a result US manufacturers gained a dominant position in the world which they were 
keen on exploiting for exports as well. 

Improvements in engine technology, the development of the more efficient 
turbofan engine32, allowed the construction of a second generation of jetliners in the 
1960s. New metal alloys made airframes stronger; the introduction of composites 
(fiberglass and boron/epoxy) made airframes lighter. The introduction of supercritical 
wing design allowed better performance at higher speeds and lower wing weight. 
Manufacturers could offer a wider selection of jets to meet various airline preferences 
based on route length, payload, speed, or runway requirement. Three US designs of this 
era, the B-727 (first flight in 1963) the DC-9 (first flight in 1965) and the B-737 (first 
flight in 1967) have become extremely successful and widely used planes around the 
world.33 But technological knowledge was not restricted to the US. Other major aircraft 
sharing the basic knowledge were produced in the UK (the British Aircraft Corporation 
VC-10 and BAC-111, or the Hawker Siddeley HS.121 Trident), in the Netherlands 

                                                                                 
31 The Convair 880 (first flew in 1959) and the 990 (1961) were from the same school; the development 
concept opted for a faster design at the cost of payload capacity and range. These considerations eventually did 
not make it as popular as the B-707 and DC-8. 
32 By adding another fan in front of, and creating bypassing air around the turbojet core engine, significant 
additional thrust (and lower noise) can be achieved with only a small increase in fuel flow. 
33 More than 1800 of the B-727 were built by 1984, almost 1000 of the DC-9s and more than 6000 (and still 
produced) of the B-737s, in a number of gradually improvements in structure and onboard systems. 
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(Fokker F-28), and very successfully in the Soviet Union (The Tupolev Tu-134 and Tu-
154 models or Yakovlev Yak-40). Most of these aircraft (except for the B-737) have two 
or three aft-mounted34 engines (Loftin 1985).  

Another direction of technology development was increased carrying capacity 
during the 1970s, resulting in wide-body models35 such as the Boeing B-747 Jumbo, the 
McDonnell Douglas DC-10 and the Lockheed L-101 TriStar. The new designs offered 
significant increases in payload and seating capacity.36 Larger engines with high bypass 
ratio and compressor pressure ratio also provided fuel efficiency increases in the range 
of 20% compared to previous models, combined with lower noise levels.  

Increased fuel efficiency was the driver of aircraft development in the 1980s. 
High by-pass ratio engines power the two new models of Boeing (B-767 and B-757), and 
these aircraft represent a clear change of track from the previous �faster, bigger and 
further� plane making strategy.37 The major innovations incorporated in these aircraft 
were in avionics and computers.38 This direction of innovation is even more visible on 
the models of the era offered by the newly created European competitor, Airbus, which 
offered for the first time in commercial aviation a fly-by-wire system on the A-320 that 
first flew in 1987. But this already marks a new wave of increased technological 
competition in avionics. Instead of conceptual changes the jet technology saw further 
advancement in refinement, typical of a mature technology.  

In sum, technological changes due to the jet engine made the world smaller; 
transoceanic and transcontinental flights became faster and more accessible. Rapid 
growth in the number of people transported followed. One of the best indicators of 
technological progress is the decrease in direct operating costs of aircraft.39  

                                                                                 
34 Advantages of the aft arrangement of engines, according to Loftin (1985) include increased stability in case 
of engine failure, lower noise levels, and also allow smaller sized planes; however the advantages of a T-tail 
design are debatable. 
35 The wide-body design offers greater cabin diameter, the two aisles allow faster loading, serving and 
evacuation time, but come at a cost of increased skin friction drag. 
36 These aircraft offered a maximum seating capacity of 550, 386 and 400, respectively. 
37 Compared with the latest model of the B-707-320B, the B-767 has nearly the same empty weight yet it can 
carry 100 more passengers � on shorter routes. The B-767 is also 40 miles slower than the previous model, but 
allows shorter landing and take-off field lengths (Loftin 1985). 
38 Automatic flight control systems and computers offer automatic guidance and control of these aircraft from 
takeoff to landing. More advanced lateral navigation functions as well as vertical flight-path control provide a 
new way to minimize fuel consumption. Pilots have cathode-ray-tube displays at their disposal instead of 
traditional electromechanical instruments. 
39 From 7.47 USD/seat in case of the DC-3 it went down to 2.61 with the introduction of the B-707 and further 
to 1.3 with the B-747 and 1.65 USD/seat with the B-757 (Mowery and Rosenberg 1989, Table 7.1.,p.175). 
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2.6.3 Internationalization 
Aircraft design and production before the 1960s was primarily done in-house with little 
collaboration among manufacturers. In the US the development of generic technology 
received significant boosts from NASA and Department of Defense research funding, in 
Western Europe national champion companies were nurtured (Moran and Mowery 
1991).  

The emergence of cross-country collaboration was driven by two main reasons 
(based on Mowery and Rosenberg 1985; or Mowery 1987). First, as a response to high 
development costs and the limitations of domestic markets, international alliances were 
seen as a way to share the costs of commercial aircraft development and benefit from 
economies of scale in production. Already in the 1960s, European producers were 
starting to explore possibilities to respond to US competitors by setting up joint 
ventures. One such venture was the Aérospatiale-BAC Concorde40 project of 1962; 
another was the British, French and West German and Spanish �Airbus Industrie 
Economic Interest Group� of 1970. Similar projects in the military segment saw more 
hurdles on the road as projects became more costly and delivery times increased since 
sharing of technology remained a sensitive issue for competitive reasons even among 
members of NATO.  

Internationalization of production was also driven by government procurement, 
both by air forces and by state-owned airlines. Because these orders involved high costs 
and frontier-technologies, government buyers, especially of countries already having an 
aerospace industry, could bargain for offset agreements. One solution was the local 
assembly of aircraft from kits under license. This allowed for access to technologies and 
improvement of skills, but in a more limited way since it did not cover aircraft 
development or more detailed engineering work. Offset agreements often made 
arrangements for manufacturing components locally for aircraft purchased from 
abroad. As a result of growing specialization, joint production programs started already 
in the 1970s. One example is the General Dynamics F-16 fighter, which included 
European companies that were also producing components for planes sold in the US.41 
Collaboration at first in production, later in design, to have market access became the 
general practice in the industry, already by the end of the 1980s. It paved the way for the 
R&D alliances in risk sharing partnerships to spread development costs.42 The advance 
of information and communication technologies in the 1990s allowed arm�s length 

                                                                                 
40 The supersonic transport aircraft first flew in 1969 and entered into scheduled service in 1976. 
41 See Moran and Mowery (1991, p.141) for details on the program. 
42 Boeing, for instance, offered full partnership to some subcontractors during the development of the B-777, 
Japanese partners held a 20 percent share in the airframe structure. 
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cooperation in all phases of production and a major global consolidation following the 
drop in military spending at the end of the Cold War.  

Alliances and global consolidation were nowhere as visible as in engine 
manufacturing. Already during the �age of national champions� the huge development 
costs and economies of scale forced mainframe manufacturers to look beyond national 
borders for jet engines. Engine production itself is a high value added activity since 
engines could cost around 15-20 percent the value of a new aircraft. European and 
American countries were keen on retaining part of the work in local companies. This led 
to the creation of three major joint ventures. The CFM consortium was formed in 1974 
by General Electric (GE) of the US and the French SNECMA with equal ownership. 
CFM engines power major workhorses such as the Boeing B-737 and Airbus A-320 
family. The International Aero Engine (IAE) venture of 1983 brought together the 
competence of the British Rolls Royce, the American Pratt & Whitney (P&W), the MTU 
of Germany and the Japanese Aero Engine Corporation consortium to power single-
aisle aircraft in the 150 seat category. Its V2500 engine soon won the support of Airbus 
and McDonnell Douglas. More recently GE and P&W formed a 50-50 joint venture, the 
Engine Alliance to supply the high-capacity long range aircraft, such as the Airbus A-
380 superjumbo. But besides these alliances, each company also has their own engine 
product lines (in a broad range, from regional or executive jets to wide-body aircraft). 
This duality has led to delays and frictions among partners, as producers imposed 
restrictions on independent use of acquired technologies, especially if technology was 
developed for military programs (Moran and Mowery 1991). 

During the 1990s, new possibilities opened up for collaboration between the 
former West and countries of the former Eastern bloc. However, the promises of 
drawing upon Russian expertise brought only modest results in joint aircraft 
development. Russia, with a previous annual production of hundreds of commercial 
aircraft, only produced a dozen commercial aircraft in a decade after the collapse of 
communism. Unlike Tupolev or Ilyushin, Sukhoi and MiG in the military segment still 
held on to their markets. Collaboration with Russia was more successful in space 
research and launches, where fuel efficiency and economic operation was less of a 
consideration and where Russia still possessed frontier technological capabilities.  

The latest aircraft designs of the 1990s and 2000s included Boeing�s B-777 and 
Airbus A-330 and 340 long-range, wide-body jets that achieved increased efficiency by 
using 10-12% composite material in their airframe and cabin structures. Boeing led the 
strategy of using international partnerships to reduce R&D and production costs. 
Foreign components made up nearly a third of the value of the B-777, and this share has 
grown to more than 70% in the B-787 currently in the testing phase. The strategic 
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competition of Boeing and Airbus resulted in Boeing going for a radical new design with 
the B-787 which, for the first time, incorporates a composite airframe raising the 
composites rate above 50% of the total structure. Airbus on the other hand saw more 
potential in the large capacities and aimed at size. Its latest A-380 superjumbo is, from 
the use of composite materials point of view, not a radical departure from the previous 
trajectory.  

In sum, the aerospace industry has shifted towards an internationalized 
production structure where key assets of producers are core competencies in component 
or structure design and manufacturing, or system assembly. This further strengthened 
the pyramid-like hierarchical structure, in which system assemblers are on top, followed 
by firms that develop and produce primary structures and systems in the second tier 
below. Subsystem43 and components manufacturers supply them from lower tiers. 
Aerospace companies with expertise in different segments can at the same time 
participate as system assemblers in one program and as co-developers and producers of 
components (risk-sharing partners) in another, creating multi-tier competition in an 
oligopolistic market. It is important to understand how the industrial structure has 
changed by the 1990s, because latecomer producers trying to penetrate the industry 
today have substantially different competitive challenges to tackle than in the 1960s or 
70s. 

                                                                                 
43 Encyclopedia Britannica provides a rich sample of what may belong here. �Aircraft secondary systems are 
reflected in an extensive industrial infrastructure, with products falling largely into four categories: (1) structural 
and mechanical, (2) propulsion and power-related, (3) environmental control, and (4) communications and 
navigation. The first category encompasses aerodynamic controls and actuators (mechanical or fly-by-wire 
systems), doors, engine nacelles and pylon fairings, control surfaces, and takeoff-and-landing-gear systems 
(including nosewheel steering, brakes, shock absorbers, and tires). The second category covers propellers, thrust 
reversers, fuel tanks and fuel-management systems, engine starters, auxiliary power units, air-driven generators, 
and electrical systems. The third category includes pressurization and air-conditioning equipment, ice-detection 
and anti-icing systems, electronic flight-instrumentation systems, engine-indication and crew-alerting systems, 
conventional cockpit instruments, and autopilots and flight directors. The fourth category encompasses 
communication systems, navigation equipment (including radio, optical, electronic, and inertial-reference 
systems; instrument-landing systems; receivers for satellite-based global positioning systems; traffic-alert and 
collision-avoidance systems; and heads-up displays), and cockpit voice and flight data recorders. Commercial 
aircraft add galleys and toilets, onboard entertainment and announcement systems, emergency slides and rafts, 
and other equipment for passenger comfort and safety. Special subsystems in military aircraft include ejection 
seats and separable cabins, multimode radar, armament, stores stations for external weapons, electronic 
countermeasure systems for confusing enemy defenses, arrester hooks for aircraft carrier landings, braking 
parachutes, identification friend or foe (IFF) systems, and photographic, infrared imaging, and other sensory 
devices for intelligence gathering together with onboard intelligence-processing equipment.� (�Aerospace 
industry� Encyclopedia Britannica Online, retrieved: 22 Oct 2010) 
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2.6.4 The diffusion of technologies to emerging economies  
The case studies in Chapter 6 will discuss the evolution of technological capabilities in 
greater details. Here we provide a brief overview focusing on the key technologies we 
presented above. We use the case of the Brazilian producer Embraer to show how 
certain technologies diffused gradually to an emerging producer. 
Diffusion of the jet engine: The first aircraft Embraer started to produce in 1969, the 
EMB-110 Bandeirante, was powered by turboprop engines produced by Pratt & 
Whitney Canada. Of course, the capability of producing jet aircraft did not necessarily 
require the capability to produce jet engines even for companies on the technological 
frontier. Embraer accumulated the jet technology step by step. It assembled its first jet 
aircraft in 1971. This was a fighter aircraft, the EMB-326 Xavante, a 1957 model of the 
Italian Aeromacchi which was assembled under license in Brazil. The two companies 
jointly developed the AMX jet fighter in 1984 using a Rolls Royce Spey 807 turbofan 
engine. The first locally designed jet (with also a Rolls Royce engine) was the ERJ-145 
commercial regional jet introduced in 1995. At the same time, the production of 
commercial jetliners requires pressurized cabins. The first Embraer civilian aircraft with 
pressurized cabin was the executive turboprop EMB-121 Xingu (1976). 
Composite materials: Simple composites were already used in the first plane, the EMB-
110 Bandeirante. �Wet/hand lay-up� technique was applied on a few non-structural 
components and on fairings44. Structural bonding was introduced with the AMX fighter 
and composites in integrated structures were first used on the ERJ-145 family. Embraer 
acquired this latter technology when it was producing outboard flaps for the MD-11 and 
through the eventually failed project of the CBA-123 in the late 1980s. The latest 
executive jets of Embraer, the Phenom (2007) have totally integrated composite 
structures made with thermoplastic.45  
Avionics and glass cockpit: Due to the modular design, the diffusion of avionic suits 
and on-board computers to Embraer aircraft was relatively fast. The joint Italian-
Brazilian AMX fighter already had two computers and state-of-the art displays on 
board. Embraer was cooperating with Rockwell for the avionics on the Brasilia 
commuter. Through a partnership with Honeywell, the ERJ-145 regional jets were 
equipped with the latest �glass-cockpit�. The ERJ-190 jet was one of the first commercial 
aircraft to use head-up display. The latest Phenom executive jets are equipped to enable 
                                                                                 
44 Fairings on aircraft create smoother surfaces in order to reduce drag. 
45 This paragraph was based on Arakaki, F.K. and Goncalves W.G., 2007, �Embraer Composite Material 
Application�, paper presented at the 16th International Conference on Composite Materials, 8-13 Jul 2007, 
Kyoto. 
Most recently, in 2010, Embraer began to construct its own facility in Portugal to produce composite 
structures and components. 
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single-pilot operations, which is an increasingly important requirement in the business 
jet market. Despite the rather fast diffusion of avionics technology to Brazilian aircraft, 
the technologies continued to be developed elsewhere in the advanced economies. Of 
course, the technologies have to be tailor-made and adapted locally, but no Brazilian 
companies emerged as competitors of global avionics suppliers. But this is related to the 
nature of the Brazilian aerospace innovation system which we shall discuss in greater 
details in Chapter 6, along with further historical details on technology diffusion in 
other countries. 

2.7 Summary of the literature review 

Here we summarize the key conclusions we gained from a survey of the literature, 
including the problems that remain open for further study of latecomer industrialization 
in aerospace. 

 
1. In order to realize latecomer advantages, serious efforts are required to acquire 

missing technological capabilities that include not only codified (not only the 
transfer of machines and blueprints), but tacit elements, which can be �learnt by 
doing�. This makes the accumulation process costly and uncertain.  

2. Realization of latecomer advantages depends on how missing institutions can be 
substituted for. In this process the state intervention plays a major role in creating 
or stimulating the creation of new institutions that can spur growth in industries 
considered most promising.  

3. The role of infant industry protection is crucial during the accumulation of 
technological capabilities. However, the extent and duration of protection and the 
way to reduce them along with the �gradual diminution of backwardness� is open 
for debate, since there is no clear borderline between infant industries and mature 
ones. There are historical examples of both radical and incremental reduction of 
infant industry protection. 

4. Capability accumulation is a multi-level and multi-actor process. Learning and 
accumulation takes place at the level of the firm, the organization, the industry and 
the nation (�national capabilities are not simply the sum of � firm level 
capabilities developed in isolation.� (Lall 1992 p.169). Capabilities at various levels 
may be very different and the analysis of evolution requires a comprehensive 
approach. 

5. Stage models of the gradual accumulation of technological capabilities appear not 
to be applicable to aerospace where the minimum threshold of production is very 
high due to technological complexity and non-negotiable international standards. 
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Since assimilation and local adaptation of technologies are crucial for catch-up and 
involve active learning, aerospace producers need well-developed innovative 
capacities already at the emergent phase. Consequently, the main strategic 
challenge for latecomers is to lay the foundations for innovative activities and 
subsequently maintain them.  

6. Product and industry life cycle theories suggest that latecomers enter the aerospace 
industry in the mature phase of its respective life cycle and carry out process 
innovations. Due to the complexity and modularity of aerospace technologies 
products cycles are hard to distinguish. But if the industry life cycle theory holds 
and if the aerospace industry indeed entered a mature phase of the jet-based 
paradigmatic stage by the 1960s, we should observe a shift of process innovations 
to developing countries.. 

7. The sectoral innovation system approach provides a useful tool for explorative 
studies on the industrial development in a latecomer industry. In line with the 
latest conclusions on the nature of the evolution of technological capabilities, it 
provides a comprehensive look at the technological domain, at actors (domestic 
and foreign, firms, educational institutes and research organizations, etc.), their 
interactions as defined by institutions. The innovation systems approach takes the 
historical context into considerations for understanding institutions, which makes 
the approach relevant for studying long-run industrial growth.  

8. The converging literature on punctuated equilibrium and paradigm shifts in the 
long-run evolution of firms, industries, organizations and technological regimes 
suggests that innovation systems, in which all these co-evolve, should also undergo 
radical changes from time to time. As a consequence, one cannot restrict oneself to 
studying incrementally change systems in order to understand acceleration, slow-
down and other aspects of catch-up dynamics in a changing environment. 

The existing literature provides little explanation of why and how radical system 
changes occur. This thesis tries to make a contribution to answering these questions.   
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 CHAPTER 3  
The evolution of the global aerospace 

manufacturing industry 

 

3.1 Statistical sources on aerospace manufacturing 

Despite the considerable public interest in aerospace production, there is surprisingly 
little consistent statistical data available to compare the performance of the aerospace 
industry around the world. A recent OECD publication on the space economy (OECD 
2007) is one of the first attempts to fill this gap. This is an unrivalled source of 
information on OECD countries, especially together with the underlying industry-level 
Structural Analysis (STAN) database. But how does aerospace in OECD countries 
compare with the aerospace production of the rest of the world? Are there producers 
from emerging economies that fit in the top ranks of producers in the industrialized 
countries? There are no studies to answer these simple questions or to provide an 
overview of historical development trends. 

When it comes to measuring the growth of manufacturing output in various 
industries, aerospace easily qualifies for the title of the most challenging one. The source 
of difficulties range from disaggregation problem as to what belongs to aerospace 
manufacturing46 to the lack of published sectoral statistical data. The reasons for the lack 
of available data differ from country to country. For most of the industrialized countries 
(members of OECD) data is available since 1970, but for earlier years it is mostly 
published as part of the transport equipment manufacturing branch. Former socialist 
countries (from Central Eastern Europe to China) have been carefully limiting access to 
information during the Cold War years since all of the sector�s products were 
considered strategic assets for national security. Even the otherwise highly insightful 
estimates in declassified CIA reports (Maddison 1998)) do not offer data on this 
industry in the USSR. (Spy agencies appear to have only been interested in aerospace as 
a source of military capabilities and less as a source of wealth creation.) Even today the 

                                                                                 
46 Since the core manufacturing activities have not changed substantially over the years in international and 
national classifications, this may be less of a problem for gauging industry-level output for air and space 
segments together. However, if one is interested in only one of the two or the impact of the manufacturing on 
related services, the problems to solve are enormous. 
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Russian Federation does not publish sectoral value added or sales figures thus impeding 
historical extrapolations. The high degree of concentration of industrial activity is 
another major difficulty, especially in newly industrializing economies. Often there is 
only a single enterprise. In order not to jeopardize the respondents� anonymity in 
industrial surveys, statistical offices often only publish branch level figures for the 
transport equipment sector. In other cases the manufacturing activity in the sector was 
simply too small to be tracked separately. A further source of headache for any analyst 
of long-term development is that in some countries (for example Indonesia) statistical 
bureaus revise the series from time to time without sufficient explanation. In sum, it is 
not surprising that no comparative study was ever published on the growth of aerospace 
manufacturing. 

Our aim was to put together a comprehensive set of output data, along with data 
on labor inputs in order to be able to compare countries in terms of labor productivity. 
The most meaningful output concept is value added since it avoids double counting of 
intermediate inputs (which can also show up as final products of another producer in 
the same sector). In certain cases only gross output figures were available, in the form of 
aerospace revenues. These do involve double-counting.  

The difficulty of obtaining data on certain input resources forced us to make 
certain compromises. Employment series were more widely available, but data on 
capital stock or capital formation and annual investment in R&D were too incomplete 
to be able to provide systematic, comparable data series. Incidental figures are 
meaningless, since aerospace manufacturing facilities demand heavy investment in 
precision machinery and equipment that companies can use for decades, as well as 
frequent investments to modify existing installations to accommodate new models. 
Therefore we will not estimate multi-factor productivity in this study and will only be 
able to make rough comparisons of labor productivity. We hope that transparency in 
the sector will increase (at least in the archives) so that future research on the sector will 
be able fill this gap. 

The statistics described here offer a historical overview of the growth of the 
aerospace industry since 1950 in 45 countries. It is based on national statistical 
publications, obtained directly from yearbooks and manufacturing surveys or indirectly 
through UNIDO, OECD and other international statistical sources, or compiled datasets 
of the Groningen Growth and Development Center (GGDC). These datasets have been 
scrutinized and adjusted for purposes of cross-country comparisons and serve as the 
basis for our 45 country dataset. When extrapolating existing series forward or 
backward with additional series, these additional series were applied as indices of 
production or employment in order to avoid trend breaks in the final dataset.  
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Save for a few exceptions (including the USA, UK and Canada), country time 
series are not available for the whole period, 1950-2007. Our decision was to provide as 
reliable data as possible for the overall time span and as data complete as possible for the 
last 25 years. Most of the OECD countries are tracked from 1970 while the data for most 
of the Central Eastern European countries from the former Eastern European bloc are 
recorded from the early 1990s onwards. The UNIDO dataset on output and 
employment in developing countries is incomplete. The reason for the this varies from 
country to country. In many cases measurable domestic aircraft manufacturing activities 
were short-lived (i.e. some Latin American countries) and the industry otherwise 
consisted of maintenance, repair and overhaul activities that were not to disaggregated 
from the �transport equipment manufacturing� branch. In a few cases, national statistical 
data was available either at the sectoral or at a more aggregate level. We decided to 
extrapolate benchmark years where more aggregate series on transport equipment 
manufacturing, or sales of the dominant company were available (see section 3.2 below; 
see Appendix 1 for detailed information on data sources and methods used for each 
country.)  

3.2 Methodological considerations for projecting and aggregating time 
series data 

Some historical output figures had to be estimated through extrapolation or 
interpolation. When extrapolating and interpolating, we used the following methods: 
1) Extrapolating aerospace value added (or gross output) with constant price series of 
value added (or gross output at aggregate branch level (�transport equipment� or �other 
transport equipment manufacturing�), according to equation (3.1).47 This method makes 
a rather strong assumption that the share of aerospace in branch value added does not 
change over time.. There are two major shortcomings of this method. First, the demand 
for aircraft and cars, trucks or ships are influenced by different factors, so their 
production does not necessarily co-evolve. Automobile production responds faster to 
demand shocks than aircraft production which has a longer backlog of orders. Second, 
in industrial classification definitions preceding ISIC Rev. 3, communication satellites 
and some missiles and rockets were categorized in a different sector. Yet the benefit of 
using a more aggregate branch data is still considerable in spite of these shortcomings, 
as they provide an absolute upper limit for production.  

In some cases the share of aerospace in the branch value added in the last year for 
which shares are available was an outlier compared to previous ones. To overcome this, 

                                                                                 
47 For gross output and employment, value added is replaced by the respective series in the equation. 
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for which adequate production data was at hand, we calculated our own industry-of-
origin conversion ratios. The methodology and the results are discussed at greater 
length in the following chapter. 
 

Table 3.1 Conversion Ratios for the benchmark year 2000  
(UVRs and PPPs, local currencies / USD) 

Country VA GO Country VA GO 

ARG 0.85 0.85 ITA 0.52 0.74 
AUS 2.82 1.83 JPN 140.24 137.59 
AUT 2.46 1.38 KOR 989.59 867.24 
BEL 3.27 1.36 LUX 2.78 1.34 
BRA 1.09 1.09 MEX 12.73 12.73 
CAN 1.55 1.2 MYS 1.69 1.69 
CHL 284.1 284.1 NLD 3.39 1.43 
CHN 4.6 4.6 NZL 1.45 1.45 
HKG 7.5 7.5 NOR 9.14 9.14 
COL 867.3 867.3 PER 1.47 1.47 
CZE 31.7 27.33 PHL 18.86 18.86 
DNK 46.27 14.12 POL 5.5 3.58 
FIN 4.67 1.65 PRT 7.05 1.62 
FRA 1.96 1.25 ROM 0.63 0.63 
DEU 1.95 1.2 SGP 1.2 1.2 
GRC 2.61 1.27 SVK 38.96 35.08 
HUN 758.4 289.4 SVN 2.07 0.98 
ISL 84.42 84.42 ZAF 5.89 5.89 
ISR 4.97 4.97 ESP 1.03 0.94 
IND 13.61 13.61 SWE 30.07 13.04 
IDN 4201.18 4201.18 TUR 0.28 0.28 
IRN 1338.18 1338.18 UKR 1.06 1.06 
IRL 4.39 1.63 GBR 1.95 0.96 

Source: see Appendix A.1 
Notes: VA = Value added; GO = Gross value of output. Numbers in bold indicate ICOP-based unit value 
ratios, non-bolds are PPP values from World Bank WDI. All conversion ratios were updated or backdated to 
2000. 
 

3.3 The growth of the global aerospace industry in a historical 
perspective 

The upcoming sections provide a decription of the evolution of the global52 aerospace 
industry between 1960 and 2007. Over these nearly five decades, value added increased 
                                                                                 
52 Global refers to the total output of countries for which production data was available (See Appendix A.1 for 
the exact coverage). The Soviet Union is the only major producer which had to be omitted due to lack of 
statistical information.  
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by a factor 3.5 to 135 billion USD, gross output increased four-fold to 312 billion USD 
(Table 3.2). This growth has not been linear. Figure 3.1 shows a cyclical pattern with 
peaks in 1966-67, 1973-74, 1980-81 and 1991, followed by periods of decline. The most 
rapid increase in value added took place between 1995 and 2007 (annual average of 
6.8%), the largest of the drops occurred in the years following the end of the Cold War 
(in average 7.7% annually between 1990 and 1995). Currently aerospace globally 
accounts for over 1.4 million jobs, 23% lower level than the peak in 1990. Between 1990 
and 2007 more than 400 thousand aerospace jobs were lost around the world.53 
 

Table 3.2 Performance of the aerospace manufacturing industry, 1960-2007  
(Million USD at constant 2000 prices) 

 1960 1973 1985 1990 1995 2000 2005 2007 

Total Value of Output (GO) 78,978 110,435 168,218 218,993 166,650 234,153 268,007 312,480 

Gross Value Added (VA) 38,586 56,568 75,846 91,878 61,593 77,716 100,359 135,090 

Total Employees 952,569 1,074,788 1,679,910 1,839,438 1,668,799 1,530,874 1,364,133 1,435,041 

Nr. countries in GO sample 15 20 27 33 38 40 40 39 
missing data for 
significant producersa 6 6 7 5 1 0 0 0 

Nr. countries in VA sample 16 23 31 34 40 42 43 43 
missing data for 
significant producersa 3 4 4 3 0 0 0 0 

Source: See Appendix A.1 
Notes: For a list of countries see Appendix A.1.  
(a) Countries in the sample with missing data most likely exceeding 100 million USD and value added 
exceeding 50 million USD.  
 
The evolution of the global industry closely reflects the macroeconomic, technological 
and political events of the same period. In Chapter 2 we discussed the major 
technological changes in aircraft manufacturing. The rapid expansion of air 
transportation was made possible by technological innovations such as the jet engine 
after World War II. With the onset of the Cold War, rockets and missiles became more 
sophisticated and were produced in great numbers. The satellite industry took off with 
the launch of Sputnik in 1957, although the scale of production was significantly lower 
than in the aircraft segment. Nevertheless, the industry can be treated as a single entity 
given the large overlap between aeronautics and astronautics, and commercial and 
defense production.   

The dual use of aerospace products for commercial aviation and military 
purposes is clearly visible in the patterns of change in aerospace production (Figure 3.1). 

                                                                                 
53 Once again, excluding the former Soviet Union, where another 300,000 jobs were cut according to 
conservative estimates. 
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Major armed conflicts and escalation of international political tension such as the 
Vietnam War and the Space Races of the 1960s and 1980s appear as production peaks. 
The end of the Cold War appears as a steep downward slope. This production landscape 
is further shaped by periods of economic expansion and recession in major producing 
countries, such as the expansion periods of the late 1970s, the second half of the 1980s 
or the late 1990s, or the recessions following the oil crisis (1973-75) and during the early 
1980s. Our consistent time series ends in 2007, but the effects of the most recent global 
financial crisis are already apparent for 2008-10. 

During the four decades of the Cold War, the industry benefited greatly from 
high defense expenditures and from the fact that national security considerations often 
overrode economic considerations. However, it is noteworthy that the growth resulting 
from the increasing commercial sales during the post-Cold War era was more rapid 
than ever before. Global production in terms of value added increased 2.2-fold over 
merely 12 years between 1995 and 2007. To put this expansion in perspective, it took 30 
years to achieve a 2.4-fold increase between 1960 and 1990.   

The aggregate figures presented in this chapter provide the most comprehensive 
overview of the industry so far, as our scope is not limited to the largest North American 
and European producers. Nevertheless, there are a few countries that are not included in 
the sample, and this has an impact on the aggregate figures. As discussed above, the 
Russian Federation (and the former Soviet Union) has not published comparable output 
value figures for the industry. We estimate that Russian output may have matched US 
levels during the Cold War in military production, but commercial production was 
significantly lower given the more limited air transport industry in former communist 
countries. It is impossible to estimate how the inclusion of the Russia and the Soviet 
Union would influence global aggregate figures.54  
 

                                                                                 
54 The rough military aircraft export trend indicator values published by SIPRI show the highest export activity 
between 1972 and 1989, with a peak in 1980. This corresponds to the production pattern observable in the 
most successful commercial planes (the Tu-134 and -154). The drop by the 1990s in both military and 
commercial production may have been as much as two-third the previous rates. If we added these trends to 
the global aggregate figures, the 1970s and 80s levels would be higher at least by 50% and the slump between 
1990 and 1995 would look even more dramatic. The impact would be far less significant from the 1990s 
onward. 
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Figure 3.1 Schematic evolution of the global aerospace industry 

 
Source: same as Table 3.3 

 
Although the sample size has increased over time (Table 3.2), this is more an indicator 
of the diffusion of the industry than of missing data and has only a limited impact on 
the global aggregate. Countries missing from the sample are China, the former socialist 
countries of Central Eastern Europe and Israel. China is the main source of 
inconsistencies over time, because our time series data begins with 1981.55 China was 
responsible for 4.7% of global production in 1981, and 3.9% in 1985. The exact volume 
of production is unknown as no official statistics were published on the sector. 
Secondary sources suggest that military aircraft production (by far the largest share of 
total output) started to increase in the mid 1960s and peaked around 1980 (Frankenstein 
and Gill, 1996). We estimate that the inclusion of China would only increase the 1960 
levels by 1-2% and the 1973 values by 2-4%. Other countries excluded from the sample 
for some years include Israel (with no data before 1990) and Central Eastern European 
producers responsible for a significant amount of fighter and trainer production 
(Czechoslovakia, Poland, Romania, with no data before 1995). At this point we cannot 
estimate their significance, but it is reasonable to believe that their aggregate would be 
less than that the Chinese output in 1973 but higher than China in 1960. In sum, the 

                                                                                 
55 Official series begin only with 1995. For details on Chinese extrapolation see Appendix A.1.2.1.  
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margin of error for our output estimates could be between 5-8% for the years before 
1981. 
 

Figure 3.2 Value added in aerospace by major country groups, 1955-2007  
(Million USD at constant 2000 prices) 

 
Source: See Table 3.3. 

3.4 The main incumbents and emerging aerospace producers 

Aerospace production has been extremely concentrated. In 2007 there were around 40 
countries in the world that produced aircraft and spacecraft or engines and parts 
thereof. In only 25 of them did value added exceed 100 million dollars. Production 
reaching or exceeding one billion dollar is concentrated to merely 11 countries. These 
11 countries accounted for 97% of total production value in 2007. The USA stands out 
with its commanding dominance of the industry, it alone produced more than the rest 
of the world combined. In 2007, the turnover of US producers was 161 billion USD and 
value added was 99 billion, which accounted for 52% and 73% of global production, 
respectively.  

Table 3.3 presents figures for value added and Table 3.4 for gross output in the 
industry. For analytical reasons, industrialized and emerging countries have been 
divided into three subgroups in these tables. The main rationale behind the groupings 
was to follow regional boundaries, but exceptions had to be made in the case of a few 
industrialized countries. The largest producers are shown separately. Europe is divided 
into West and East based on historical considerations. Countries of the East are 
particular because of their common heritage of socialist industrialization and the lack of 
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information on production before 1990. Ukraine, which can be considered as an 
incumbent and is the only CIS country for which gross output and employment data 
was available (at least for the last decade), is also grouped here due to its proximity. The 
geographically heterogeneous group of �other industrialized countries� includes four 
current or future OECD members on three continents (Australia, Canada, Japan, and 
Israel), all with a relatively long history of aircraft manufacturing. 

Emerging economies represent an even more diverse group of countries 
encompassing very different levels of income, industrialization, geographical location, 
or the aerospace output today. For the purposes of this study, countries qualify as 
emerging if they were low or middle income countries at the time of entry into the 
aerospace industry. However, there are two further criteria: (1) being a latecomer in the 
aerospace industry and (2) a non-European or North American location. Latecomer 
status refers to a relatively shorter history in aerospace manufacturing, with significant 
manufacturing activity not starting before the Second World War. There is of course a 
degree of arbitrariness in every classification and this one is no exception. In Argentina 
and Brazil, for instance, small planes were already designed and produced locally during 
and before the 1930s. Yet, as we shall show, industrial-scale production started in the 
second half of the 20th century. The second qualification, location, is also important. 
Despite the fact that many European or North American countries were latecomers (a 
famous example is Canada), they were already relatively high-income countries with a 
high level of industrialization at the time they entered the industry, which distinguishes 
them from countries in the developing world. As the name implies, the emergent 
economies experienced a dynamic growth period during the second half of the 20th 
century. As a result historical classification does not necessarily overlap with the current 
one. Considering the World Bank�s income-based classification, some countries (such as 
China, India, Indonesia) currently belong to the lower-middle-income economies, 
others (such as Brazil, Chile, Turkey, South Africa) belong to the upper-middle-income 
economies; two economies (Hong Kong and South Korea) even fall into the high-
income ones.56 In the course of the past decades not only positions but also criteria of 
classification changed. Emerging economies are divided into three regional subgroups: 
Asia, Latin America and Middle East/Africa. Geographical location makes the 
distinction rather straightforward, leaving probably the sole significant African 
producer, South Africa as an outlier. (Egypt, which also has a history in aircraft 
assembly, could serve as a bridge should statistical data become available one day.)  

                                                                                 
56 The Republic of Korea became an OECD member in 1996, but it is still a relative newcomer in the aerospace 
industry. The same is true for Turkey, which, based on its long OECD membership could also end up in the 
�other industrialized countries� group. 
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In 2007, firms of industrialized economies produced 86% of global output and 
90% of global value added. The USA was followed by Western Europe, which accounted 
for 27% of global output, but only 10% of global value added. In absolute terms the gross 
output of Western Europe was 85 billion dollars (of which France accounted for 37.7, 
Germany 16.6 and the UK for 14.6 billion USD). Western European producers sold 
more than twice as many as their emerging Asian counterparts and four times as much 
as other industrialized producers. When comparing value added, Western Europe has a 
rather sluggish position with only 13% of US levels. At 13 billion USD Western Europe 
value added is about the same as that of the emerging economies. Canada follows 
Western Europe, although if countries are considered separately, Canada�s 5 billion 
USD value added exceeded that of the best performers in Western Europe. 

In 2007, the total gross output of emerging economies reached a new record 
high of 43.4 billion USD, which amounted to 14% of world production. If production is 
measured in terms of value added, their share is only 10%. China is the largest producer 
with 7 billion dollars (7.5 billion if combined with Hong Kong), followed by Singapore 
(2.1 billion), Brazil (1.9 billion) and the smaller Asian and Latin American producers, 
South Korea, Turkey, Mexico, India and Malaysia. Other South American and East 
Asian countries report rather low aerospace production. This does not necessarily refer 
to production capabilities, it is rather a result of the fact that maintenance, repair and 
overhaul activities are included in aerospace manufacturing. 

The snapshot of the industry production in terms of value added in 2007 thus 
shows a very uneven landscape. In the shadow of the towering leadership of the United 
States, there is a fierce competition in the middle-ranks. Currently the greatest rivals are 
interestingly not the USA and Europe, but rather Europe and the other industrialized 
countries, and the best performing emerging countries. In the top ten ranks positions in 
terms of value added we already find three emerging economies that outperformed a 
number of experienced industrialized countries. It might come as a surprise to observers 
of the industry who dismissed newcomers� attempts that the second place in terms of 
value added is occupied by China. Established producers from the North American-
European core, such as Canada, the United Kingdom, Italy and France were neck and 
neck with Singapore, Japan and Brazil. This is remarkable since some of these countries 
do not have an emblematic aircraft assembler. While it is easy to associate Western 
Europe with EADS/Airbus, Canada with Bombardier, Brazil with Embraer, the success 
of Japan and Singapore indicates that parts and components producers can be as 
successful as system assemblers.  
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Table 3.3 Value Added in Aerospace Manufacturing, 1960-2007  
(Million USD at constant = 2000 prices) 

 1960 1973 1985 1990 1995 2000 2005 2007 Global Share 
in 2007 (%) 

Global 38,586 56,568 75,846 91,878 61,593 77,716 100,359 135,090 100.0 
  Industrialized Countries 38,586 56,351 71,407 87,912 57,530 70,277 89,755 121,540 90.0 

United States 35,987 46,749 58,918 69,868 40,160 48,926 67,853 99,144 73.4 
    Western Europe 2,369 8,098 9,044 12,624 11,856 13,771 13,978 13,161 9.7 

France 245 801 1,978 1,820 4,514 3,018 3,009 2,428 1.8 
Germany 82 581 984 1,364 1,335 2,803 3,520 3,169 2.3 
Italy 305 3,876 3,641 5,349 3,123 3,677 2,839 2,597 1.9 
United Kingdom 1,648 2,130 1,583 2,912 1,870 2,776 2,868 3,223 2.4 
Other Western  Europe 89 711 858 1,179 1,013 1,496 1,742 1,744 1.3 

    Central/Eastern Eur./CIS n.a. n.a. n.a. 281 106 295 359 501 0.4 
CEE, EU Members n.a. n.a. n.a. 281 106 295 359 501 0.4 
Ukraine n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.0 

    Other Industrialized 230 1,504 3,445 5,139 5,408 7,285 7,565 8,735 6.5 
Australia n.a. 161 215 234 248 337 548 636 0.5 
Canada 228 1,050 1,652 2,951 2,622 4,124 3,847 5,221 3.9 
Israel n.a. n.a. n.a. 488 510 637 505 794 0.6 
Japan 2 293 1,578 1,466 2,028 2,187 2,665 2,084 1.5 

  Emerging Economies n.a. 217 4,439 3,966 4,063 7,438 10,604 13,550 10.0 
    Asia n.a. 112 3,934 3,119 3,218 4,325 8,216 10,718 7.9 

China (People’s Rep. of) n.a. n.a. 2,928 2,118 1,587 2,297 5,098 7,072 5.2 
China (Hong Kong SAR) n.a. 104 242 212 228 205 420 480 0.4 
India n.a. n.a. 60 87 275 46 174 134 0.1 
Indonesia  n.a. n.a. 22 48 206 227 37 73 0.1 
Korea, Rep. of n.a. 9 130 197 198 446 479 704 0.5 
Malaysia n.a. n.a. n.a. 38 43 71 128 133 0.1 
Philippines n.a. n.a. 6 14 8 n.a. n.a. n.a. 0.0 
Singapore n.a. n.a. 545 403 673 1,034 1,880 2,121 1.6 

    Latin America n.a. 104 505 847 763 2,778 2,070 2,257 1.7 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.0 
Brazil n.a. 104 280 630 278 2,348 1,783 1,924 1.4 
Chile n.a. n.a. 41 55 17 137 26 18 0.0 
Colombia n.a. n.a. 70 70 144 72 39 79 0.1 
Mexico n.a. n.a. 115 92 325 221 222 236 0.2 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. 0 1 0.0 

    Africa & Middle East n.a. n.a. n.a. n.a. 82 336 319 575 0.4 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 13 30 100 100 0.1 
South Africa n.a. n.a. n.a. n.a. 70 55 37 38 0.0 
Turkey n.a. n.a. n.a. n.a. n.a. 251 182 438 0.3 

Sources: Appendix A.1;  
Notes: �Other Western Europe� includes Austria, Belgium, Denmark, Finland, Greece, Iceland, Ireland, 
Luxembourg, The Netherlands, Norway, Portugal, Spain and Sweden. �Central Eastern Europe� includes the 
Czech Republic, Hungary, Poland, Romania, Slovakia and Slovenia. (n.a. = not available) 
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Table 3.4 Gross output of aerospace manufacturing, 1960-2007  
(Million USD at constant = 2000 prices) 

 1960 1973 1985 1990 1995 2000 2005 2007 Global share 
in 2007 (%) 

Global 78,978 110,435 167,726 218,602 165,984 233,946 267,664 312,480 100.0 
  Industrialized Countries 78,978 110,102 155,476 207,613 155,437 214,100 232,870 269,043 86.1 

United States 67,800 80,328 109,397 146,827 98,394 118,629 134,201 161,081 51.5 
    Western Europe 10,544 26,042 37,820 47,785 41,700 71,948 76,088 85,156 27.3 

France 1,583 4,530 12,437 14,005 13,253 27,889 33,247 37,768 12.1 
Germany 134 2,627 4,241 6,790 6,285 13,640 15,453 16,600 5.3 
Italy 630 4,931 7,998 8,745 6,832 8,061 7,202 8,623 2.8 
United Kingdom 8,020 11,356 9,626 13,297 10,466 16,474 13,526 14,666 4.7 
Other Western  Europe 178 2,599 3,518 4,948 4,864 5,884 6,660 7,499 2.4 

    Central/Eastern Eur./CIS n.a. n.a. n.a. 650 1,496 2,185 1,114 1,594 0.5 
CEE, EU Members n.a. n.a. n.a. 650 499 866 1,114 1,594 0.5 
Ukraine n.a. n.a. n.a. n.a. 996 1,319 n.a. n.a. n.a. 

    Other Industrialized 634 3,732 8,258 12,351 13,847 21,338 21,467 21,212 6.8 
Australia n.a. 442 515 758 899 1,129 1,731 1,424 0.5 
Canada 628 1,919 3,518 5,959 6,726 12,384 10,978 12,370 4.0 
Israel n.a. n.a. n.a. 948 993 1,262 1,096 1,720 0.6 
Japan 5 1,371 4,226 4,686 5,228 6,563 7,662 5,697 1.8 

  Emerging Economies n.a. 333 12,250 10,989 10,547 19,846 34,794 43,437 13.9 
    Asia n.a. 137 11,506 9,160 8,863 13,463 28,141 35,664 11.4 

China (People’s Rep. of) n.a. n.a. 10,077 7,289 5,345 8,426 19,445 24,802 7.9 
China (Hong Kong SAR) n.a. 132 298 261 281 620 1,270 1,636 0.5 
India n.a. n.a. 308 414 869 116 330 402 0.1 
Indonesia  n.a. n.a. 71 146 336 230 188 222 0.1 
Korea, Rep. of n.a. 5 46 199 747 1,557 1,610 2,347 0.8 
Malaysia n.a. n.a. n.a. 67 76 123 791 823 0.3 
Philippines n.a. n.a. 15 24 31 n.a. n.a. 0 0.0 
Singapore n.a. n.a. 692 759 1,179 2,391 4,508 5,432 1.7 

    Latin America n.a. 196 744 1,693 1,508 5,806 6,001 6,648 2.1 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0 0.0 
Brazil n.a. 196 527 1,187 523 4,976 5,224 5,702 1.8 
Chile n.a. n.a. 46 62 66 57 66 46 0.0 
Colombia n.a. n.a. 171 245 241 138 132 186 0.1 
Mexico n.a. n.a. n.a. 199 678 635 577 710 0.2 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. 1 3 0.0 

    Africa & Middle East n.a. n.a. n.a. 137 176 578 652 1,125 0.4 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 14 56 118 118 0.0 
South Africa n.a. n.a. n.a. n.a. 161 128 85 89 0.0 
Turkey n.a. n.a. n.a. 137 n.a. 394 449 918 0.3 

Source: See Appendix A.1 
Notes: See Table 3.3 Notes. 
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3.5 Dynamics in the rankings  

For many much of its history, aerospace has been an industry of the West. But what are 
the long-term trends? Has there been evidence of emerging latecomers catching up with 
the industrialized countries?  

Catch-up is generally understood as a relatively faster per capita income growth 
in poorer countries compared to richer countries, leading to a convergence in their per 
capita incomes. In the context of the aerospace industry, we refer to catch-up as a 
convergence of value added shares. Catch-up in general entails reducing of the 
technology gap between countries, and this is inherent in significant value added growth 
in latecomer aerospace production, given the high-tech nature of the products. 

As Figure 3.2 shows, the dominance of the United States has been unchallenged 
during the last five decades. Due to its sheer size, changes in the United States 
production shaped the pattern of the global industry. Only between 1998 and 1999 
could a 28% increase in emerging countries (mostly due to Brazil) offset on the global 
level a 3.4% decline in the USA. Over periods of growth and decline, US production in 
average increased annually by 2.3% between 1955 and 1991. The first acceleration of 
growth occurred after 1964, peaking in 1966 (at 53 billion dollars) as defense spending 
due to the Vietnam War and the major space programs. The growth ran out of steam 
and output decreased at an average rate of 4.3% until 1972. The subsequent growth 
period triggered by fiscal stimulus and the devaluation of the dollar came to an end with 
the oil crisis. Between 1972 and 74 the industry grew by 9% on average and declined by 
6% over the following two years. The deregulation of the domestic air transport market 
in 1978 had a significant impact and the industry reached a historical high in 1980 over 
three years with an average of 10% growth. Yet another recession and high oil prices 
during the early Reagan years resulted in a 7.6% decline over the following 3 years. The 
trend turned around in 1983, and the falling oil prices and increased defense spending 
resulted in 8 years of growth, aerospace production increased at an annual average of 6% 
to another historical peak of 73.3 billion dollars at the end of the Cold War. The 
subsequent decline of defense budgets and increase in oil prices due to the Gulf War 
triggered a decline in production steeper than ever before. Within only 4 years US value 
added fall back to 1972 levels, at a rate of 14% per year. As a result, the US industry 
experienced a previously unseen number of high-profile mergers and acquisitions 
during the 1990s. McDonnell-Douglas was taken over by Boeing, Lockheed merged with 
Martin-Marietta, Raytheon with Hughes. This was followed by a shake-out of hundreds 
of smaller firms (Lazonick, 2002). The effects of this deep-cutting consolidation started 
to become evident from 1995, but a real growth was spurred after 2003, once again as 
the US defense budget skyrocketed and the industry witnessed a 20% average annual 
growth until 2007. Only after this acceleration period did the industry return to the 
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long-term growth trajectory. Comparing the 1990 and 2007 levels reveals a compound 
growth of 2.1%. 

Against this background we try to identify whether the country groups were 
catching up with the USA in terms of increasing relative value added. Figure 3.3 shows 
the share of value added of the various country groups compared to the US. (The 1981 
trend break in the emerging economies series is a result of missing Chinese data before 
1980, see discussion above.)   
 
Figure 3.3 Trends in aerospace value added of country groups compared with the US, 1960-

2007 (USA = 100%) 

 
Source: See Appendix A.1;  
Note: Value added in constant 2000 dollars. 
 
Western Europe started out with less than 10% of US value added in the 1960s.  In 
absolute terms this group followed a growth pattern that was formed by macroeconomic 
and political events (e.g. after the slump following the oil crisis the 1973 peak was only 
exceeded in 1981). In relative terms, the most significant growth of Western Europe�s 
ratio compared to the US took place after 1987 with the realization of the common 
market and the flagship joint project the Airbus. From 6.7 billion dollars and a relative 
share of 15%, the Western Europe aerospace sector expanded production to 13.8 dollars 
by the peak of 1992. It reached nearly a quarter of the US production level. The above 
30% relative share was caused by the crisis that hit the USA much harder than Europe, 
which was hit less severe in 1995 and 1996. But the decline in value added between 1992 
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and 1996 from 14 to 11 billion dollars was significant and not without consequences for 
even the largest of the companies. The Dutch producer Fokker went bankrupt and the 
Swedish Saab stopped the production of commuter planes. In France, two giants, 
Aerospatiale and Matra merged, and the previous cooperation in the Airbus consortium 
was taken to a new level with the creation of EADS, a single corporation. Since the 
1990s, Western European aerospace output is increasingly experiencing fluctuations and 
was unable to exceed 14.5 billion dollars in value added terms. In comparison with the 
continuously growing US production, Western Europe�s share once again declined to 
13% by 2007.  

Countries in �the other industrialized� group experienced a rather smooth and 
uninterrupted growth during the 1970-90s. From 1973 to 1985 total value added 
increased from 1.5 to 3.5 billion dollars and further grew to 5.1 billion by 1990. During 
the global industry�s crisis in the early 1990s, they only experienced an 8% decline, and 
continued on their growth trajectory after 1994. Comparing the group�s value added 
with the USA, this group advanced its position from 3% in 1973 to 15% in 2000, only to 
decline to 9% by 2007 as a result of accelerated growth in the USA.  

Excluding China, production in emerging economies (Hong Kong, Brazil, 
Singapore) was rather insignificant in the 1970s. In 1973, value added amounted to 217 
million USD, a mere 0.5% of the US level. Although Brazil, Hong Kong and Singapore 
showed quite significant growth by 1980, this was only enough to reach 1 billion dollars 
(hardly 2% of the US) together with Colombia, India, South Korea and Malaysia. 
Including China, the emergent group�s production reached 4.4 billion dollars by 1985 
(without China 1.5 billion), which was already 7.5% of US output (without China only 
2.5%). Since Chinese military production declined over the 1980s, the total production 
of emerging countries shrank to 4 billion by 1990 going against the global trend 
(although other emerging countries were still experiencing over 20% growth). There was 
a reshuffling in the emerging block as Brazil became the second largest producer (with 
630 million dollars) overtaking Singapore and Hong Kong (403 and 212 million dollars, 
respectively). The troubled years after the end of the Cold War meant a 19% decline of 
value added for the emerging countries by 1994. Already growing in 1995, the group 
reached 10% of US value added levels and by 2000 reached 15% topping with a historical 
peak of 20% in 2003. Between 1995 and 2007 the average annual growth rate of value 
added was 7.8% in the USA and 10.6% in emerging economies (Table 3.5). Once again 
there was some turbulence in the ranking. As Brazilian value added declined, Singapore 
has been holding the second place since 2005. 

Three of the emerging economies were strikingly successful in securing their 
position among the top ten global producers in terms of value added. Already in 1985 
(the defense oriented) Chinese aerospace industry was the third largest in the world. But 
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as the industry was scaling down fighter jet production and shifting to civilian products, 
it fell back during the 1980s and 90s and was only the 8th in 2000. However, after 
successfully turning around, China forged ahead and by 2003 had become the world�s 
second largest producer. It has since then retained the leading position among the 
middle-range players, owing it primarily to its ever increasing share in global aircraft 
component supply chains.  

Brazil showed a steady growth during the 1970s and 1980s by producing 
commuter aircraft and an even greater expansion with regional jets from the mid 1990s. 
From the 9th place in 1990, the country climbed to the 7th place by the year 2000. At its 
peak in 2003, Brazil narrowly overtook Canada and China and took the 2nd place. For 
reasons to be discussed in the following chapter, value added decreased dramatically 
thereafter, landing Brazil in the 10th place, but still among the major players.  

Producers of Singapore chose a different approach. Instead of making complete 
planes, the city state became a South East Asian hub for maintenance, repair and 
overhaul, and a manufacturer of parts and component for the major global players. This 
was deemed successful for a continuous growth and a secure position among the top 
ten.  

Apart from these three most successful countries, about a dozen other emerging 
producers appear on the lower strata of the radar. South Korea reached the 100 million 
dollar mark in 1984 and grew slowly to exceed half a billion by 2004. From a relatively 
small producer it increasingly won contracts and used offset agreements that realized a 
historical maximum of 704 million dollars in 2007. Indonesia shows another interesting 
growth path. Following a slow but steady growth, the country reached a maximum of 
433 million dollars in 1996 before it came to a sudden halt. Today value added hardly 
reaches 73 million dollars. Despite the high profile experiments in air and space, India is 
less significant when it comes to mass-production and the industry is still waiting to 
take off. India was reporting small scale activities below 100 million dollars until 1989 
and grew to a historical peak of 295 in 1997. Following a steep reduction in the years 
that followed it has been slowly resuming growth since 2001. Although beyond the time-
frame of the present study, aerospace exports appear to have suddenly risen 
exponentially in 2008 and the industry is expected to embark on a new growth path. 
Another smaller Southeast Asian player is Malaysia, keen on expanding high-tech 
activities, including aerospace. Value added (mostly MRO) exceeded the 100 million 
mark in 2003 and continues to grow. Among the Middle Eastern countries, Iran and 
Turkey are the most significant producers. Turkey has made attempts to increasing 
parts and components manufacturing and local assembly of military aircraft in offset 
agreements. The African outlier, South Africa gained experience in producing missiles 
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and assembling military aircraft and helicopters during the apartheid regimes 
(Goldstein 2002). Production has been declining since 1993. 

In South America no other country with production or repair capacities has 
reached the level of Brazilian output. Argentina, a promising military aircraft producer 
after the Second World War, is hardly showing up in the statistics; in 1984 when the 
industry was relatively larger, it was 1/6th of Brazil�s at that time. Colombia and Chile, 
producers of small aircraft home to MRO facilities, reported fluctuations, hardly 
exceeding 100 million dollars. 

Table 3.6 shows that all of the countries that increased their global value added 
share experienced interruptions in their growth. Even at the global level where the 
general trend was one of narrowing the value added gap vis-à-vis the USA, the gap in 
fact increased over the periods 2000-05 and 1995-2007. This global trend was because 
Western Europe and other industrialized economies were falling behind, but Latin 
American latecomers were showing even more sluggish performance. Emerging 
economies on the whole show a different trend. Except in the period 1985-90 which saw 
an absolute decline of the Chinese, Singaporean and some Latin American industries, 
the group achieved high rates of catch-up. At the end of the 1990s, the rapid growth in 
most of Asia was large enough to offset the general decline in Latin America. 

Highly fluctuating trends can be observed in all emerging economies. The annual 
average �catch-up rate� (narrowing the value added gap with the US) for Brazil over the 
period 1973 through 1990 was 8.6%. After major struggles during the Post-Cold War 
global crisis, Brazil once again powered its engine in 1995 and achieved spectacular 
growth by the year 2000 (with as much as 47.3% annual growth in this share of US 
output). This was followed by another double-digit (-11.4%) decline during the 2000-05 
period. However, the overall trend between 1995 and 2007 was positive with a nearly 9% 
annual growth (Table 3.6). Other Latin American producers57 show very high rates of 
catch-up during one of the 5-year periods (i.e. Chile during 1995-2000 and Colombia 
and Mexico during 1990-95). However, these were only ad-hoc events where maximum 
value added did not exceed 0.3, 0.4 and 0.8 per cent of US value added levels, 
respectively. Mexico was the only other Latin American country besides Brazil with a 
positive annual average �catch-up rate� to the USA was during the period 1990-2007. 

 
 
 

                                                                                 
57 Value added data is not available for Argentina. It is doubtful that it would show convergence in any of the 
periods. 
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Table 3.5 Aerospace value added changes, 1960-2007 (compound growth rates, %) 
 1960-73 1973-85 1985-90 1990-95 1995-2000 2000-05  1973-90 1995-2007 
Global 2.99 2.47 3.91 -7.69 4.76 5.25 2.89 6.76 
  Industrialized Countries 2.96 1.99 4.25 -8.13 4.08 5.01 2.65 6.43 

United States 2.03 1.95 3.47 -10.48 4.03 6.76 2.39 7.82 
    Western Europe 9.92 0.92 6.90 -1.25 3.04 0.30 2.65 0.87 

France 9.54 7.83 -1.66 19.93 -7.74 -0.06 4.95 -5.04 
Germany 16.21 4.49 6.75 -0.43 15.99 4.66 5.15 7.47 
Italy 21.61 -0.52 7.99 -10.20 3.32 -5.05 1.91 -1.53 
United Kingdom 1.99 -2.44 12.96 -8.48 8.23 0.65 1.86 4.64 
Other Western  Europe 17.29 1.58 6.57 -2.98 8.10 3.09 3.02 4.63 

    Central/Eastern Eur./CIS n.a. n.a. n.a. -17.69 22.68 4.03 n.a. 13.80 
CEE, EU Members n.a. n.a. n.a. -17.69 22.68 4.03 n.a. 13.80 
Ukraine n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Other Industrialized 15.53 7.15 8.33 1.03 6.14 0.75 7.50 4.08 
Australia n.a. 2.44 1.73 1.14 6.33 10.18 2.23 8.16 
Canada 12.46 3.85 12.30 -2.34 9.48 -1.38 6.27 5.91 
Israel n.a. n.a. n.a. 0.88 4.57 -4.53 n.a. 3.76 
Japan 45.90 15.07 -1.46 6.71 1.52 4.03 9.94 0.23 

  Emerging Economies n.a. 28.62 -2.23 0.48 12.86 7.35 n.a. 10.56 
    Asia n.a. n.a. -4.54 0.63 6.09 13.69 n.a. 10.55 

China (P.R.) n.a. n.a. -6.27 -5.61 7.67 17.29 n.a. 13.26 
China (Hong Kong SAR) n.a. 7.30 -2.58 1.45 -2.10 15.42 4.29 6.40 
India n.a. n.a. 7.46 25.94 -30.02 30.50 n.a. -5.80 
Indonesia  n.a. n.a. 17.05 33.68 1.94 -30.22 n.a. -8.28 
Korea, Rep. of n.a. 25.45 8.62 0.07 17.63 1.43 20.25 11.15 
Malaysia n.a. n.a. n.a. 2.40 10.26 12.56 n.a. 9.78 
Philippines n.a. n.a. 17.47 -10.50 -100.00 n.a. n.a. -100.00 
Singapore n.a. n.a. -5.82 10.77 8.98 12.70 n.a. 10.04 

    Latin America n.a. n.a. n.a. -2.08 29.50 -5.71 n.a. 9.46 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Brazil n.a. 8.60 17.62 -15.12 53.26 -5.36 11.18 17.50 
Chile n.a. n.a. 6.16 -21.24 52.33 -28.27 n.a. 0.78 
Colombia n.a. n.a. 0.09 15.52 -13.02 -11.45 n.a. -4.90 
Mexico n.a. n.a. -4.31 28.67 -7.37 0.05 n.a. -2.62 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Africa & Middle East n.a. n.a. n.a. n.a. 32.44 -1.05 n.a. 17.58 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 18.48 27.44 n.a. 18.73 
South Africa n.a. n.a. n.a. n.a. -4.53 -7.86 n.a. -4.88 
Turkey n.a. n.a. n.a. n.a. n.a. -6.20 n.a. n.a. 

Source: Derived from Table 3.3 
Note: Totals for (sub)groups with too many missing data are shown as not available (n.a.). 
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Table 3.6 Value added as % of US value added, 1960-2007  
(compound growth rates, %) 

 1960-73 1973-85 1985-90 1990-95 1995-2000 2000-05 1973-90 1990-2007 1995-2007 
Global 0.93 0.52 0.43 3.12 0.70 -1.42 0.49 0.21 -0.98 
  Industrialized Countries 0.90 0.05 0.75 2.63 0.05 -1.63 0.25 -0.15 -1.29 

United States 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
    Western Europe 7.73 -1.00 3.31 10.32 -0.95 -6.05 0.25 -1.80 -6.44 

France 7.36 5.77 -4.95 33.97 -11.31 -6.39 2.50 -0.36 -11.93 
Germany 13.90 2.49 3.17 11.23 11.50 -1.96 2.69 2.94 -0.33 
Italy 19.18 -2.42 4.37 0.31 -0.68 -11.06 -0.47 -6.11 -8.67 
United Kingdom -0.04 -4.30 9.18 2.24 4.04 -5.72 -0.52 -1.45 -2.95 
Other Western  Europe 14.96 -0.36 3.00 8.38 3.92 -3.44 0.62 0.25 -2.96 

    Central/Eastern Eur./CIS n.a. n.a. n.a. -8.05 17.93 -2.56 n.a. 1.35 5.55 
CEE, EU Members n.a. n.a. n.a. -8.05 17.93 -2.56 n.a. 1.35 5.55 
Ukraine n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Other Industrialized 13.22 5.11 4.70 12.86 2.03 -5.62 4.99 1.07 -3.47 
Australia n.a. 0.49 -1.68 12.99 2.22 3.21 -0.15 3.89 0.31 
Canada 10.22 1.87 8.54 9.10 5.24 -7.63 3.79 1.31 -1.77 
Israel n.a. n.a. n.a. 12.69 0.52 -10.58 n.a. 0.81 -3.77 
Japan 43.00 12.87 -4.77 19.21 -2.41 -2.55 7.37 0.01 -7.04 

  Emerging Economies n.a. n.a. -5.51 12.25 8.49 0.55 15.88 5.31 2.54 
    Asia n.a. n.a. -7.74 12.41 1.99 6.50 18.74 5.34 2.53 

China (P.R.) n.a. n.a. -9.41 5.45 3.50 9.86 n.a. 5.16 5.05 
China (HKG) n.a. 5.25 -5.85 13.33 -5.89 8.11 1.86 2.78 -1.32 
India n.a. n.a. 3.86 40.68 -32.73 22.24 n.a. 0.51 -12.63 
Indonesia  n.a. n.a. 13.12 49.34 -2.01 -34.64 n.a. 0.38 -14.94 
Korea, Rep. of n.a. 23.05 4.98 11.79 13.08 -4.99 17.44 5.58 3.09 
Malaysia n.a. n.a. n.a. 14.39 5.99 5.43 n.a. 5.37 1.82 
Philippines n.a. n.a. 13.53 -0.02 -100.00 n.a. n.a. -100.00 -100.00 
Singapore n.a. n.a. -8.98 23.74 4.76 5.56 n.a. 8.01 2.06 

    Latin America n.a. n.a. 7.18 9.39 24.49 -11.68 n.a. 3.78 1.52 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Brazil n.a. 6.52 13.67 -5.18 47.33 -11.35 8.58 4.61 8.98 
Chile n.a. n.a. 2.60 -12.02 46.43 -32.81 n.a. -8.18 -6.53 
Colombia n.a. n.a. -3.26 29.05 -16.39 -17.06 n.a. -1.35 -11.80 
Mexico n.a. n.a. -7.51 43.74 -10.95 -6.28 n.a. 3.54 -9.68 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Africa & Middle East n.a. n.a. n.a. n.a. 27.31 -7.32 n.a. n.a. 9.05 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 13.90 19.37 n.a. n.a. 10.12 
South Africa n.a. n.a. n.a. n.a. -8.23 -13.69 n.a. n.a. -11.78 
Turkey n.a. n.a. n.a. n.a. n.a. -12.14 n.a. n.a. n.a. 

Note: A (sub)group total value is shown as not available (n.a.) if it includes significant missing country data. 
Source: Derived from Table 3.3 

 
In East Asia, the best performing China experienced an average annual decline of 

more than 10% vis-à-vis the USA between 1985 and 1990. After the turn-around, its 
annual average rate of catch-up to the leader was 4.4% between 1990 and 2007, and 
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accelerated to nearly 10% after 2000. After the rapid growth in the early 1980s, 
Singapore was falling behind the leader at an annual rate of 9% during the period 1985-
90, but it very quickly recovered and has been narrowing the gap at an average 8% rate 
since 1990. South Korea has been one of the steadiest catching-up countries, with 19.1% 
and 5.6% annual rate between 1973-90 and 1990-2007 and a relative decline only 
between 2000 and 2005.  

 
Figure 3.4 Dynamics in catch-up vis-à-vis the US, 1990-2007 

 
Source: Derived from Table 3.3 and Table 3.6. 
Note: In comparison, USA value added is 99,100. Countries right of the dotted line grew faster than the USA. 
 
Figure 3.4 shows that between 1990 and 2007, the best performers were emerging 
economies, Singapore, South Korea, China and Brazil. They are positioned to challenge 
single European producers, many of whom (Italy, UK, but even France) have not been 
able to keep the same rate of growth as the US. The graph also shows that many 
emerging economies (including India, Indonesia, Mexico) are at very low levels of 
production to challenge status quo. 

In sum, the dynamics show that interruptions are typical in the growth 
trajectory, and the heterogeneity of patterns suggests the importance of country-specific 
factors. 
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Table 3.7 Employment in Aerospace Manufacturing, 1960-2007 (thousands) 

 Number of Employees Growth/Decline of 
employment (CAGR) 

 1960 1973 1985 1990 1995 2000 2005 2007 1985-1990 1990-2007 
Global 952.6 1,074.8 1,679.9 1,839.4 1,668.8 1,530.9 1,364.1 1,435.0 1.83 -1.45 
  Industrialized Countries 944.6 1,061.1 1,220.8 1,335.0 1,009.4 1,007.8 962.4 1,016.6 1.80 -1.59 

United States 725.7 591.0 746.0 816.0 501.2 495.2 436.6 459.3 1.81 -3.32 
    Western Europe 217.7 408.4 399.4 417.6 315.8 341.4 316.1 344.5 0.89 -1.12 

France 38.0 113.1 106.2 88.1 64.9 64.8 62.1 67.2 -3.68 -1.57 
Germany 8.6 57.0 66.1 81.0 63.6 74.4 73.6 79.4 4.16 -0.12 
Italy 4.6 30.8 30.0 49.1 40.6 33.3 30.8 36.4 10.38 -1.74 
United Kingdom 151.9 151.8 139.5 136.0 90.0 109.8 89.9 93.5 -0.51 -2.18 
Other Western  Europe 14.6 55.8 57.6 63.4 56.8 59.0 59.7 68.0 1.93 0.41 

    Central/Eastern Eur./CIS n.a. n.a. n.a. n.a. 106.9 74.6 113.6 109.3 n.a n.a 
CEE, EU Members n.a. n.a. n.a. n.a. 41.9 25.6 32.9 36.2 n.a n.a 
Ukraine n.a. n.a. n.a. n.a. 65.0 49.0 80.6 73.1 n.a n.a 

    Other Industrialized 1.1 61.6 75.4 101.4 85.5 96.6 96.1 103.5 6.10 0.12 
Australia n.a. 11.7 10.8 22.4 13.3 10.8 11.9 13.1 15.71 -3.11 
Canada n.a. 25.7 33.8 46.4 38.9 49.8 38.1 42.7 6.54 -0.49 
Israel n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a n.a 
Japan 1.1 24.2 30.8 32.6 33.3 36.1 46.1 47.7 1.14 2.26 

  Emerging Economies 8.0 13.7 459.1 504.4 659.4 523.1 401.8 418.4 1.90 -1.09 
    Asia n.a. 3.6 442.2 485.8 641.2 498.6 352.6 348.9 1.90 -1.93 

China (P.R.) n.a. n.a. 410.6 446.8 590.7 456.5 304.7 301.4 1.70 -2.29 
China (HKG) n.a. n.a. 4.0 4.9 5.2 4.2 3.9 4.6 4.14 -0.32 
India n.a. n.a. 5.9 6.1 10.7 3.5 3.7 5.6 0.53 -0.47 
Indonesia  n.a. n.a. 12.6 14.5 15.7 10.3 9.8 4.0 2.84 -7.29 
Korea, Rep. of n.a. 3.6 4.8 6.6 8.1 12.2 10.3 10.7 6.82 2.89 
Malaysia n.a. n.a. n.a. 0.8 1.1 1.6 3.8 3.7 n.a 9.25 
Philippines n.a. n.a. 0.3 0.5 0.6 n.a. n.a. n.a. 10.76 -100.00 
Singapore n.a. n.a. 4.0 5.7 9.2 10.3 16.5 18.8 7.26 7.29 

    Latin America 8.0 10.1 16.9 16.3 11.6 16.9 36.7 53.7 -0.77 7.28 
Argentina 8.0 7.0 3.1 2.8 1.3 1.0 1.0 1.0 -1.96 -5.88 
Brazil n.a. 3.1 11.8 10.0 7.6 13.6 23.5 30.7 -3.19 6.83 
Chile n.a. n.a. n.a. 1.7 1.2 1.4 1.5 1.2 n.a -2.09 
Colombia n.a. n.a. 2.1 1.7 1.6 0.9 0.7 0.8 -3.22 -4.76 
Mexico n.a. n.a. n.a. n.a. n.a. n.a. 10.0 20.0 n.a n.a 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a n.a 

    Africa & Middle East n.a. n.a. n.a. 2.3 6.5 7.6 12.5 15.8 n.a 11.89 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 0.1 1.8 3.2 3.2 n.a n.a 
South Africa  n.a. n.a. n.a. n.a. 6.4 3.2 5.8 6.5 n.a n.a 
Turkey n.a. n.a. n.a. 2.3 n.a. 2.6 3.6 6.1 n.a 5.83 

Source: See Appendix A.1   
Note: Persons engaged concept used wherever available. 
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Table 3.8 Major Regions� share in global aerospace employment (%) 
 1960 1973 1985 1990 1995 2000 2005 2007 
Global 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
  Industrialized Countries 99.2 98.7 72.7 72.6 60.5 65.8 70.5 70.8 

United States 76.2 55.0 44.4 44.4 30.0 32.3 32.0 32.0 
    Western Europe 22.9 38.0 23.8 22.7 18.9 22.3 23.2 24.0 

France 4.0 10.5 6.3 4.8 3.9 4.2 4.6 4.7 
Germany 0.9 5.3 3.9 4.4 3.8 4.9 5.4 5.5 
Italy 0.5 2.9 1.8 2.7 2.4 2.2 2.3 2.5 
United Kingdom 15.9 14.1 8.3 7.4 5.4 7.2 6.6 6.5 
Other Western  Europe 1.5 5.2 3.4 3.4 3.4 3.9 4.4 4.7 

    Central/Eastern Eur./CIS 0.0 n.a. n.a. n.a. 6.4 4.9 8.3 7.6 
CEE, EU Members 0.0 n.a. n.a. n.a. 2.5 1.7 2.4 2.5 
Ukraine n.a. n.a. n.a. n.a. 3.9 3.2 5.9 5.1 

    Other Industrialized 0.1 5.7 4.5 5.5 5.1 6.3 7.0 7.2 
Australia 0.0 1.1 0.6 1.2 0.8 0.7 0.9 0.9 
Canada 0.0 2.4 2.0 2.5 2.3 3.3 2.8 3.0 
Israel 0.0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Japan 0.1 2.3 1.8 1.8 2.0 2.4 3.4 3.3 

  Emerging Economies n.a. 1.3 27.3 27.4 39.5 34.2 29.5 29.2 
    Asia n.a. 0.3 26.3 26.4 38.4 32.6 25.8 24.3 

China (People’s Rep. of) n.a. n.a. 24.4 24.3 35.4 29.8 22.3 21.0 
China (Hong Kong SAR) n.a. n.a. 0.2 0.3 0.3 0.3 0.3 0.3 
India n.a. n.a. 0.4 0.3 0.6 0.2 0.3 0.4 
Indonesia  n.a. n.a. 0.7 0.8 0.9 0.7 0.7 0.3 
Korea, Rep. of n.a. 0.3 0.3 0.4 0.5 0.8 0.8 0.7 
Malaysia n.a. n.a. n.a. 0.0 0.1 0.1 0.3 0.3 
Philippines n.a. n.a. 0.0 0.0 0.0 n.a. n.a. n.a. 
Singapore n.a. n.a. 0.2 0.3 0.6 0.7 1.2 1.3 

    Latin America 1 0.9 1.0 0.9 0.7 1.1 2.7 3.7 
Argentina 0.8 0.7 0.2 0.2 0.1 0.1 0.1 0.1 
Brazil n.a. 0.3 0.7 0.5 0.5 0.9 1.7 2.1 
Chile n.a. n.a. n.a. 0.1 0.1 0.1 0.1 0.1 
Colombia n.a. n.a. 0.1 0.1 0.1 0.1 0.0 0.1 
Mexico n.a. n.a. n.a. n.a. n.a. n.a. 0.7 1.4 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Africa & Middle East n.a. n.a. n.a. 0.1 0.4 0.5 0.9 1.1 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 0.0 0.1 0.2 0.2 
South Africa n.a. n.a. n.a. n.a. 0.4 0.2 0.4 0.5 
Turkey n.a. n.a. n.a. 0.1 n.a. 0.2 0.3 0.4 

Source: Derived from Table 3.7 

3.6 Employment and labor productivity 

Aerospace manufacturing provides jobs directly for some 1.4 million people globally. 
About 1 million people work in industrialized economies, the rest mostly in Asia and 
Latin America (see Table 3.7). Two interesting developments can be observed over the 
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last three or four decades. First, the level of employment in industrialized economies in 
1973 was very similar to the levels of 2007. The peak employment at the end of the Cold 
War, (1.34 million) decreased already by 1995 to a stable 1 million. Second, the trend for 
emerging countries was different from this, even opposite in some cases. Latin America 
incrementally increased its number of aerospace employees and so did Asia excluding 
China. (The developments in China deserve a closer look.) 

In all cases where the distinction was possible, statistical data on �persons 
engaged� was used for the employment series, which covers employees as well as self-
employed. For many of the emerging economies such a distinction was not available. 
The inclusion of data on the armed forces was also not known in most cases. 

The ranking of countries according to the number of employees is somewhat 
different from their order based on production. The leadership of the United States was 
undisputed until 1990, when the cyclically changing, but by and large growing level of 
employment reached 816 thousand. However, simultaneously with the consolidation of 
the industry in the USA during the post-Cold War years, a new challenger arose. China 
(due to the enterprise-based approach) has been reporting a vast amount of aerospace 
jobs, exceeding half a million in 1995. In that year it forged well ahead of the United 
States, accounting for over one-third of global aerospace jobs. China is now virtually on 
par with Western Europe, which retains 20-25% of global jobs. At least a quarter of the 
world�s aerospace jobs have been located in emerging economies if China is included, 
today this ratio is nearly one-third (Table 3.8). While the immense size of Chinese 
industry is unquestionable, one should read the official figures with caution, since, 
especially as the industry was transforming in the 1980s and 1990s, many employees in 
aerospace plants were producing non-aviation products, albeit with an unknown share. 

Does the data justify the fear in industrialized countries of job flights to the 
developing world (e.g. Barber and Scott, 1995)? In 1960 and 1973 nearly 99% of the 
capitalist world�s aerospace jobs were located in industrialized countries, with 
Argentina, Brazil, India and Singapore accounting for a very small share, producing 
only for the domestic market. Not counting China (which had still rather insignificant 
levels of export at the time, but employed � on paper � close to one out of four 
aerospace employees in the world), in 1985 and 1990 the share of emerging countries 
still accounted for only around 4%. Owing to the employment growth in Brazil, 
Singapore, Korea and Malaysia, this share increased to 6% by 2000 and to 10% by 2007. 
In the emerging economies excluding China the absolute number of jobs expanded by 
15% from 1990 to 2000 and by 103% from 1990 to 2007, compared to a contraction in 
the industrialized economies by 24% and 23% respectively. Including China somewhat 
distorts this picture. Possibly due to the ongoing structural change in the employment in 
the sector, the total figure grew only very modestly between 1990 and 2000 (4%), but 
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declined by 17% between 1990 and 2007. This decline was significantly smaller than the 
23% in the West.  However, the �flight of jobs� in absolute terms looks rather different: 
313 thousand jobs were made redundant in the �West� during 1990-2007, while only 59 
thousand were created in the �Rest�, not counting China. But given the start of the 
consolidation in China, the emerging world also lost 86 thousand aerospace jobs in 
total, questioning at least some of the Western concerns of job flight. Nevertheless, there 
are other real concerns which refer to the age structure of the labor force: a large share 
(in Europe as much as a half) of the employees is expected to retire in the next decade, 
resulting in a skill loss.58 

Labor productivity statistics have to be regarded with caution. First, because the 
meaning of labor productivity measures for the comparison of efficiency in the 
aerospace industry is questionable. In general, aerospace manufacturing is a capital 
intensive industry. However, the quality of labor and capital intensity of production is 
not the same in different aerospace manufacturing activities. For instance, producing 
fuselage parts requires multi-million dollars worth of machinery and precision tooling. 
But is less demanding on the labor force than producing and testing instruments or 
assembling parts and components. Labor productivity in itself gives little indication of 
the quality of the work force, and is meaningless as an indicator of technological 
progress. In the words of Kronemer and Henneberger, labor productivity reflects �the 
joint effect of such factors as changes in technology, capital investment, capacity 
utilization, plant design and layout, skill and effort of the work force, managerial ability, 
and labor-management relations� (Kronemer and Henneberger 1993:33).  

Data constraints, as already discussed above preclude the application of other 
measures of productivity. Capital stock and capital formation statistical series for the 
industry are disappointingly incomplete. Second, productivity figures are incomplete 
because of the insufficient overlap between available employment and value added 
figures, especially in the case of emerging economies (c.f. Table 3.3 and Table 3.7). This 
reduces significantly the number of countries in the sample. Thus in the absence of total 
factor productivity data, only a rough comparison of output per person engaged in 
aerospace is provided here over time and space, based on Table 3.9. 
  

                                                                                 
58 A concern voiced in: European Economic and Social Committee 3-4 Dec 2008 �The European aeronautics 
industry: current situation and prospects.� Opinion Aeronautics Industry.  CESE 1921/2008 
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Table 3.9 Labor Productivity in Aerospace Manufacturing, 1973-2007  
(Thousand USD per person engaged at constant = 2000 prices) 

 1973 1985 1990 1995 2000 2005 2007 
  Industrialized Countries 53.1 58.5 65.9 57.0 69.7 93.3 119.6 

United States 79.1 79.0 85.6 80.1 98.8 155.4 215.9 
    Western Europe 19.8 22.6 30.2 37.5 40.3 44.2 38.2 

France 7.1 18.6 20.7 69.6 46.6 48.4 36.1 
Germany 10.2 14.9 16.8 21.0 37.7 47.8 39.9 
Italy 126.0 121.5 108.9 76.9 110.3 92.2 71.3 
United Kingdom 14.0 11.3 21.4 20.8 25.3 31.9 34.5 
Other Western  Europe 12.7 14.9 18.6 17.9 25.4 29.2 25.6 

    Central/Eastern Eur./CIS n.a. n.a. n.a. n.a. 4.0 3.2 4.6 
CEE, EU Members n.a. n.a. n.a. 2.5 11.5 10.9 13.8 
Ukraine n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Other Industrialized 24.4 45.7 50.7 63.3 75.4 78.7 84.4 
Australia 13.8 20.0 10.5 18.7 31.3 45.9 48.7 
Canada 40.9 48.9 63.6 67.5 82.9 100.9 122.3 
Israel n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Japan 12.1 51.2 44.9 60.9 60.6 57.9 43.7 

  Emerging Economies n.a. n.a. 7.9 6.2 14.2 26.4 32.4 
    Asia n.a. n.a. 6.4 5.0 8.7 23.3 30.7 

China (People’s Rep. of) n.a. 7.1 4.7 2.7 5.0 16.7 23.5 
China (Hong Kong SAR) n.a. 60.5 43.3 43.9 48.9 108.9 103.6 
India n.a. 10.2 14.3 25.7 13.4 47.0 23.9 
Indonesia  n.a. 1.7 3.3 13.2 22.1 3.8 18.2 
Korea, Rep. of 2.4 27.4 29.8 24.4 36.6 46.6 65.6 
Malaysia n.a. n.a. 46.3 41.0 44.6 33.9 35.5 
Philippines n.a. 21.3 28.6 13.7 n.a. n.a. n.a. 
Singapore n.a. 136.2 71.1 73.0 100.1 114.0 113.0 

    Latin America n.a. 29.9 52.1 65.5 164.0 56.4 42.0 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Brazil 33.7 23.8 63.0 36.5 172.4 75.8 62.6 
Chile n.a. n.a. 31.9 13.4 97.5 17.1 15.2 
Colombia n.a. 33.9 40.1 92.8 77.8 57.7 103.3 
Mexico n.a. n.a. n.a. n.a. n.a. 22.2 11.8 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Africa & Middle East n.a. n.a. n.a. 12.6 44.4 25.5 36.5 
Iran (Islamic Rep. of)  n.a. n.a. n.a. 181.3 16.9 31.3 31.3 
South Africa n.a. n.a. n.a. 10.8 17.1 6.4 5.9 
Turkey n.a. n.a. n.a. n.a. 97.3 51.3 71.4 

Source: Derived from Table 3.3 and Table 3.7 
Notes: Regional aggregate figures were calculated by dividing regional aggregate value added with regional 
aggregate employment. Many of the figures are unreliable because employment data was not available for a 
number of emerging economies: Africa and Middle East until 1990; Mexico until 2000; China and Hong Kong 
before 1985; Philippines before 1985 and after 2000. For Ukraine and Argentina, value added data was 
unavailable. Central Eastern Europe is only available from 1995 onwards. 
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In 2007 the productivity levels were the highest in the USA, at an unprecedented 203 
thousand dollars per employee. Even more remarkable is the 2.6-fold growth (8.3% 
annual average) achieved in hardly more than a decade after the low of 78 thousand 
dollars in 1995, compared with the mere 0.4% annual growth achieved over the period 
1973 through 1990. This shifting in the gear in the 1990s fits well in the consolidation 
and restructuring of the industry that took place in the USA at that time. We expected to 
see a similar trend in Europe, but that is not supported by the data. Between 1995 and 
2007 labor productivity doubled in Germany, but halved in France. Italy, the best 
performer in the block, also showed a declining trend. The UK showed some growth 
and so did other Western European countries. In total none of this was sufficient to 
reach more than a third of US labor productivity by 2007. The most successful 
industrialized country to follow the leader was Canada, where labor productivity 
increased at a rather stable rate from a 1973 low of 40.9 to a 2007 high of 122.3 thousand 
USD per employee. However, the rate of growth in the last decade was slower than that 
of its southern neighbor as the USA accelerated. Japan has relatively low productivity 
values as well, and has shown a declining trend since 1995, falling from 60.9 to 43.7 
thousand USD per employee, a level in the same range as many Western European 
countries. 

The differences between emerging and industrialized countries were striking 
even in 2007, although there is also a large variation within the emerging group.  Among 
the bigger producers, Singapore (113.0) and Hong Kong SAR (103.6) were closely 
following Canada (122.3) in 2007. Countries where the industry consists mainly of 
maintenance and repair activities generate high value added which explains the 
outstanding performance of Singapore and Hong Kong and to a large extend South 
Korea (65.6). It is more interesting to find Brazil (62.6) with �core� manufacturing 
activities still ahead of Western European countries. Because of its immense level of 
employment, China is still trailing behind with 23.5 thousand dollars per person. On the 
whole, emerging economies showed large fluctuations before the 1990s, but also clear 
signs of growth after 1990. Most remarkable is the progress (among the more significant 
producers) in the case of South Korea (from 2.4 in 1973 to 65.6 in 2007), Brazil (33.7 in 
1973 to 172.4 in 2000) and Hong Kong (from 43.3 in 1990 to 103.6 in 2007). Other 
producers show modest progress, such as India (10.2 in 1985, to 47 in 2005). But many 
countries that started low remained low (such as Indonesia, reaching a maximum of 
22.1). As long as there is no consolidation in the industry, China remains in the lower 
ranks.  
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Table 3.10 Labor Productivity in Comparison with the US Levels 
(USA = 100) 

 1960 1973 1985 1990 1995 2000 2005 2007 
Global 81.7 66.5 57.2 58.3 46.1 51.4 47.3 43.6 
Industrialized Countries 82.4 67.1 74.1 76.9 71.1 70.6 60.0 55.4 

United States 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Western Europe 22.0 25.1 28.7 35.3 46.8 40.8 28.5 17.7 

France 13.0 8.9 23.6 24.1 86.8 47.2 31.1 16.7 
Germany 19.3 12.9 18.9 19.7 26.2 38.1 30.8 18.5 
Italy 134.6 159.3 153.8 127.2 96.0 111.6 59.3 33.0 
United Kingdom 21.9 17.7 14.4 25.0 25.9 25.6 20.5 16.0 
Other Western  Europe 12.3 16.1 18.8 21.7 22.3 25.7 18.8 11.9 

Central/Eastern Eur./CIS n.a. n.a. n.a. n.a. 1.2 4.0 2.0 2.1 
CEE, EU Members n.a. n.a. n.a. n.a. 3.2 11.7 7.0 6.4 
Ukraine n.a. n.a. n.a. n.a. 0.0 0.0 0.0 0.0 

Other Industrialized 407.8 30.9 57.8 59.2 79.0 76.3 50.6 39.1 
Australia n.a. 17.4 25.3 12.2 23.3 31.7 29.5 22.5 
Canada n.a. 51.7 61.9 74.3 84.2 83.9 64.9 56.6 
Israel n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Japan 3.8 15.3 64.8 52.5 75.9 61.3 37.2 20.2 

Emerging Economies 0.0 19.9 12.2 9.2 7.7 14.4 17.0 15.0 
Asia n.a. 39.0 11.3 7.5 6.3 8.8 15.0 14.2 

China (People’s Rep. of) n.a. n.a. 9.0 5.5 3.4 5.1 10.8 10.9 
China (Hong Kong SAR) n.a. n.a. 76.6 50.6 54.8 49.5 70.1 48.0 
India n.a. n.a. 13.0 16.7 32.1 13.5 30.2 11.1 
Indonesia n.a. n.a. 2.2 3.9 16.4 22.3 2.5 8.4 
Korea, Rep. of n.a. 3.0 34.8 34.9 30.4 37.0 30.0 30.4 
Malaysia n.a. n.a. n.a. 54.1 51.2 45.1 21.8 16.5 
Philippines n.a. n.a. 27.0 33.4 17.1 n.a. n.a. n.a. 
Singapore n.a. n.a. 172.4 83.0 91.1 101.3 73.3 52.3 

Latin America 0.0 13.0 37.8 60.8 81.8 166.0 36.3 19.5 
Argentina 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Brazil n.a. 42.6 30.2 73.6 45.6 174.5 48.8 29.0 
Chile n.a. n.a. n.a. 37.3 16.8 98.7 11.0 7.0 
Colombia n.a. n.a. 42.9 46.8 n.a. 78.7 37.1 47.9 
Mexico n.a. n.a. n.a. n.a. n.a. n.a. 14.3 5.5 
Peru n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

Africa & Middle East n.a. n.a. n.a. 0.0 15.8 44.9 16.4 16.9 
Iran (Islamic Rep. of) n.a. n.a. n.a. n.a. n.a. 17.1 20.2 14.5 
South Africa n.a. n.a. n.a. n.a. 13.5 17.3 4.1 2.7 
Turkey n.a. n.a. n.a. n.a. n.a. n.a. 33.0 33.1 

Source: Derived from Table 3.9. 
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Table 3.11 Changes in comparative labor productivity levels relative to the USA,  
1960-2007 (compound growth rates, %)  

 1960-73 1973-85 1985-90 1990-95 1995-2000 2000-05 1990-2007 1995-2007 
Global -1.6 -1.3 0.4 -4.6 2.2 -1.6 -1.7 -0.5 
  Industrialized Countries -1.6 0.8 0.8 -1.6 -0.2 -3.2 -1.9 -2.1 

United States 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
    Western Europe 1.0 1.1 4.3 5.8 -2.7 -7.0 -4.0 -7.8 

France -2.8 8.4 0.5 29.2 -11.5 -8.0 -2.1 -12.8 
Germany -3.1 3.2 0.8 5.9 7.8 -4.2 -0.4 -2.9 
Italy 1.3 -0.3 -3.7 -5.5 3.1 -11.9 -7.6 -8.5 
United Kingdom -1.6 -1.7 11.7 0.7 -0.3 -4.3 -2.6 -4.0 
Other Western  Europe 2.1 1.3 2.9 0.5 2.9 -6.1 -3.5 -5.1 

    Central/Eastern Eur./CIS n.a. n.a. n.a. n.a. 26.4 -12.6 n.a. 4.6 
CEE, EU Members n.a. n.a. n.a. n.a. 29.8 -9.6 n.a. 6.1 
Ukraine n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Other Industrialized -18.0 5.4 0.5 5.9 -0.7 -7.9 -2.4 -5.7 
Australia n.a. 3.2 -13.5 13.7 6.3 -1.4 3.7 -0.3 
Canada n.a. 1.5 3.7 2.5 -0.1 -5.0 -1.6 -3.3 
Israel n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Japan 11.3 12.8 -4.1 7.7 -4.2 -9.5 -5.4 -10.4 

  Emerging Economies n.a. -4.0 -5.6 -3.5 13.4 3.4 2.9 5.7 
    Asia n.a. -9.8 -7.8 -3.5 7.0 11.3 3.8 7.1 

China (People’s Rep. of) n.a. n.a. -9.3 -9.5 8.7 16.2 4.0 10.3 
China (Hong Kong SAR) n.a. n.a. -8.0 1.6 -2.0 7.2 -0.3 -1.1 
India n.a. n.a. 5.2 14.0 -15.9 17.5 -2.4 -8.5 
Indonesia  n.a. n.a. 12.0 33.4 6.3 -35.6 4.7 -5.4 
Korea, Rep. of n.a. 22.7 0.1 -2.7 4.0 -4.1 -0.8 0.0 
Malaysia n.a. n.a. n.a. -1.1 -2.5 -13.5 -6.8 -9.0 
Philippines n.a. n.a. 4.4 -12.6 n.a. n.a. n.a. n.a. 
Singapore n.a. n.a. -13.6 1.9 2.1 -6.3 -2.7 -4.5 

    Latin America n.a. 9.3 10.0 6.1 15.2 -26.2 -6.5 -11.3 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Brazil n.a. -2.8 19.5 -9.1 30.8 -22.5 -5.3 -3.7 
Chile n.a. n.a. n.a. -14.8 42.6 -35.5 -9.3 -7.0 
Colombia n.a. n.a. 1.8 n.a. n.a. -14.0 0.1 -7.1 
Mexico n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Africa & Middle East n.a. n.a. n.a. n.a. 23.3 -18.2 n.a. 0.6 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. -40.3 3.3 n.a. -20.5 
South Africa n.a. n.a. n.a. n.a. 5.1 -25.0 n.a. -12.5 
Turkey n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

 Source: Derived from Table 3.10 
 
Another interesting conclusion is that in terms of labor productivity, Europe is directly 
challenged by latecomers. Western Europe fall back from half the US productivity levels 
in 1995 to one-fifth by 2007 (Table 3.10). Other successful industrialized economies, 
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Canada and Japan had significantly closed their gap relative to the USA by 1995, 
reaching 86 and 78% of the US levels, respectively. Yet these countries have fallen back 
to 60 and 22% by 2007. Singapore and Hong Kong have been fluctuating between the 
extremes of 55 and 168 percent (Singapore) and 51 and 75 percent (Hong Kong) of US 
productivity levels (again, at least the high extremes are explained by the MRO-
efficiency effect). Brazil similarly shows no sign of stability with its fluctuations between 
29 and 182% of US values.  

Are there signs of catch up? The US technological leadership is so definite and 
sustained that not even industrialized countries can keep up the pace (Table 3.10). On 
the whole, the USA is more than twice as productive as any other country in the world. 
While Western European countries have caught up significantly until 1995 (from 22% 
to 48%), they have now fallen considerably behind: the 2005 levels are hardly higher 
than the 1985 levels, the 2007 levels are lower than of 1973. Other industrialized 
countries have similarly caught up to 81% by 1995 from 31% in 1973, but have now 
fallen behind to 42%.  

Emerging countries decreased their productivity gap vis-à-vis the USA from a 
low of 8% in 1995 to 18% in 2005. But as the USA increased its productivity, they stood 
at 16% of the US level in 2007. It is noteworthy that in some years Singapore (in 2000) 
and Brazil (also in 2000) exceeded the US labor productivity level.59 

3.7 Specialization in aerospace production 

So far we have compared the size and growth of the aerospace industry across countries, 
now we turn to specialization. Specialization is addressed from two perspectives. The 
first question is, how important is aerospace within the economy of a country. Next we 
explore aerospace exports specialization.  

On average, aerospace�s share in GDP is approximately three times as high in 
industrialized economies as in emerging ones (Table 3.12). It appears that for the largest 
aerospace producers, the industry is also relatively substantial domestically. In the USA, 
for instance, aircraft manufacturing alone was the fifth largest manufacturing activity in 
2007,60 or the third if the whole aerospace sector was considered. In Brazil aircraft 
production was also among the top 10 manufacturing activities.  

 

                                                                                 
59 As for the smaller producer, value added data might be exaggerated and labor data underreported, so 
productivity data should be read with caution. 
60 According to data from the 2007 Economic census, following Petroleum refineries, Pharmaceutical 
preparation manufacturing, Semiconductor and related device manufacturing, Light truck and utility vehicle 
manufacturing (US Census Bureau).  
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Table 3.12 The share of Aerospace Value Added in GDP (%) 
1960 1973 1985 1990 1995 2000 2005 2007 

Global 0.66 0.44 0.42 0.42 0.25 0.26 0.30 0.38 
  Industrialized Countries 0.74 0.49 0.45 0.46 0.27 0.29 0.33 0.43 

United States 1.41 1.09 0.98 0.99 0.50 0.50 0.62 0.86 
    Western Europe 0.13 0.19 0.16 0.19 0.17 0.17 0.16 0.14 

France 0.07 0.11 0.21 0.17 0.39 0.23 0.21 0.16 
Germany n.a. 0.06 0.07 0.09 0.08 0.15 0.18 0.15 
Italy 0.10 0.67 0.45 0.57 0.31 0.34 0.25 0.22 
United Kingdom 0.30 0.26 0.16 0.25 0.15 0.19 0.17 0.18 
Other Western  Europe 0.01 0.06 0.05 0.06 0.05 0.06 0.06 0.06 

    Central/Eastern Eur./CIS n.a. n.a. n.a. 0.07 0.03 0.08 0.07 0.09 
CEE, EU Members n.a. n.a. n.a. 0.07 0.03 0.08 0.07 0.09 
Ukraine n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

    Other Industrialized 0.03 0.05 0.09 0.10 0.10 0.12 0.12 0.13 
Australia n.a. 0.09 0.09 0.08 0.08 0.08 0.12 0.13 
Canada 0.14 0.32 0.35 0.54 0.44 0.57 0.47 0.60 
Israel n.a. n.a. n.a. 0.68 0.52 0.51 0.36 0.52 
Japan 0.00 0.01 0.05 0.04 0.05 0.05 0.05 0.04 

  Emerging Economies n.a. 0.02 0.18 0.13 0.10 0.15 0.16 0.18 
    Asia n.a. 0.02 0.41 0.23 0.15 0.16 0.21 0.23 

China (People’s Rep. of) n.a. n.a. 0.96 0.48 0.20 0.19 0.27 0.30 
China (Hong Kong SAR) n.a. 0.31 0.30 0.18 0.15 0.12 0.20 0.20 
India n.a. n.a. 0.03 0.03 0.08 0.01 0.03 0.02 
Indonesia  n.a. n.a. 0.03 0.04 0.13 0.14 0.02 0.03 
Korea, Rep. of n.a. 0.01 0.07 0.07 0.05 0.08 0.07 0.10 
Malaysia n.a. n.a. n.a. 0.08 0.06 0.08 0.11 0.10 
Philippines n.a. n.a. 0.01 0.03 0.01 n.a. n.a. n.a. 
Singapore n.a. n.a. 1.83 0.90 0.99 1.12 1.64 1.58 

    Latin America n.a. 0.01 0.04 0.07 0.05 0.16 0.11 0.10 
Argentina n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Brazil n.a. 0.04 0.06 0.13 0.05 0.36 0.24 0.24 
Chile n.a. n.a. 0.14 0.14 0.03 0.18 0.03 0.02 
Colombia n.a. n.a. 0.12 0.10 0.16 0.08 0.03 0.06 
Mexico n.a. n.a. 0.03 0.02 0.07 0.04 0.03 0.03 
Peru  n.a. n.a. n.a. n.a. n.a. n.a. 0.00 0.00 

    Africa & Middle East n.a. n.a. n.a. n.a. 0.02 0.07 0.05 0.08 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. 0.02 0.03 0.07 0.07 
South Africa n.a. n.a. n.a. n.a. 0.06 0.04 0.02 0.02 
Turkey n.a. n.a. n.a. n.a. n.a. 0.09 0.05 0.12 

Source: Value added data from Table 3.3, GDP data (at constant 2000 USD) from World Development 
Indicators Online. 
 
The relative share of aerospace has not been constant over the years in most of the 
countries. In the USA for instance, aerospace accounted for 1.4% of total value added in 
1960 and retained a rather high share of nearly 1% until 1990. The crisis of the industry 
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in the early 1990s halved its share and the recovery was slow; only reaching 0.9% in 
2007. Still this share is unmatched in any of the European or other industrialized 
countries. The next highest shares are found in Canada (0.6% in 2007, home to the 
aircraft manufacturer Bombardier and several engine manufacturers) and in Italy, 
where aerospace accounted for 0.45-0.67% of the production during the 1970s-80s but 
dropped significantly afterwards to 0.22% by 2007. Aerospace is also rather important 
for Israel (0.5%). The significance of the sector has clearly declined in France (from 
0.39% in 1995 to 0.16% in 2007, also in absolute terms) and to some degree in the UK 
(from 0.3% in 1960 to 0.18% in 2007, despite the production growth in absolute levels). 
At the same time the absolute value added growth in Germany also became apparent in 
the relative share of the sector which increased from 0.08% in 1995 to 0.15% in 2007.  

The relative size of the industry in Singapore is not only the largest among the 
emerging countries but it also exceeds that of the USA. Today 1.6% of all value added is 
associated with aerospace manufacturing which is not new for the city state. After a peak 
of 1.8% in 1985 the share fell to 0.9% in 1990 but recovered rather rapidly. The 
industry�s importance in China is once again in the rise following a restructuring crisis 
that started in the mid 1980s and lasted for nearly two decades. Even amidst rapid 
expansion of the whole economy, the growth of aerospace was above average and soared 
from 0.2% in 1995 to 0.3% of GDP in 2007. The Brazilian industry is characterized by a 
changing share, with a peak in 2000 (0.36%). Today it accounts for around quarter of a 
percent of total production. Other noteworthy emerging economies are Hong Kong, 
with 0.3% in the 1980s and 0.2% in recent years, and Indonesia, with 0.13% in 1995. Of 
course, the contribution of the aerospace industry to GDP goes beyond manufacturing 
activities. This overview does not cover services or the air transport industry, moreover, 
the importance of aerospace may be more than what is indicated by its share in GDP 
(c.f. Eliasson 2010). 

3.8 Aerospace exports 

While products of the aerospace industry have undoubtedly been an engine of 
globalization, the aerospace industry itself is, interestingly, is only beginning to spread 
globally. Table 3.13 shows that today, similarly to two decades ago, leading 
industrialized countries dominate global aerospace exports.61 In 1985 industrialized 
countries realized 96% of world trade, and the figure decreased only to 92% by 2007. In 
                                                                                 
61 In order to remain consistent with the production statistics discussed in this chapter, aerospace exports 
combine products of aircraft, spacecraft as well as engines. If engines (and their parts) are not counted, the five 
largest aerospace exporters in 2007 were the USA, France, Germany, Canada and Brazil with 62.0, 26.2, 21.7, 
7.8 and 4.2 billion USD, respectively. 
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1985 the top 5 aerospace exporters, the USA, Germany, the UK, France and Canada 
accounted for 87% of exports. In 2007 the top 5 countries, the USA, France, Germany, 
the UK and Canada accounted for 76% of aerospace exports.  

On average, two-third of global production (gross output) was sold abroad in 
2007. Some countries have much lower export rate than the global average. China, for 
instance, exported only 7% of what it produced, while the USA exported 52% in 2007. 

Among the emerging economies Brazil, Singapore, China and Mexico exported 
over a billion dollars. South Korea, Malaysia, South Africa, and most recently, India, are 
also notable exporters. The last twenty years saw a reshuffle in country rankings. In 1985 
and 1990, the only significant exporters were Singapore, Korea and Brazil. By 2000 
Brazil forged far ahead of South Korea, Mexico and Singapore. By 2007 Singapore 
returned to the second place, with almost equal to Brazil�s export values (4.36 and 4.34) 
while China forged ahead of Mexico (1.73 and 1.70 respectively). 

In Chapter 2 we discussed the internationalization of value chains in the last 
decades. Table 3.14 provides interesting evidence for that by showing the major parts 
and components exporters. At the top of the list we find the USA and the two major 
European countries, Germany and France, responsible for 58% of global trade. The 
largest emerging exporters are Singapore, followed (surprisingly) by Thailand, China, 
Malaysia and South Korea. The occasional sales of used aircraft can show non-producer 
countries as large exporters � this may well be the case in Thailand. For emerging 
economies, the majority of aerospace exports are parts and components. The only 
emerging producer that is not specializing in parts and components is Brazil. 

The absolute value of aerospace export does not tell much about how important 
the sector is for an economy, or whether a given country has comparative advantage in 
aerospace products. Table 3.15 presents the share of aerospace exports in the GDP. 
Relatively speaking, aerospace export is a more important source of income for Western 
Europe and Canada, than for the USA (0.95%, 1.23% and 0.73% in 2007, respectively). 
The size of the export sector for the USA and Western Europe were equally 0.66% in 
1990, but increased in Europe to 0.95% while it only increased to 0.77% in the USA. This 
may indicate both the sales growth of Airbus aircraft and a growing internal trade. The 
Embraer sales effect on the other hand is clearly visible in the sectoral export growth in 
Brazil (from 0.14% in 1990 to 0.54% in 2007). The only other emerging economy where 
aerospace export is a significant income generator is Singapore. The island state has the 
highest GDP share of aero exports, 3.24% in 2007.  
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Table 3.13 Global Distribution of Aerospace Exports  
(Million USD at constant 2000 prices) 

  
Export value, Million USD Global share (%) 

1985 1990 1995 2000 2005 2007 1985 1990 1995 2000 2007 
Total Sample 40,232 99,349 99,014 143,382 164,127 210,021 100.0 100.0 100.0 100.0 100.0 
  Industrialized Countries 38,766 96,440 94,578 134,375 153,872 193,634 96.4 97.1 95.5 93.7 92.2 

United States 20,526 46,484 36,113 54,927 61,044 83,516 51.0 46.8 36.5 38.3 39.8 
    Western Europe 15,718 43,427 51,162 64,642 77,417 90,400 39.1 43.7 51.7 45.1 43.0 

France 3,501 11,590 18,059 20,877 26,495 32,850 8.7 11.7 18.2 14.6 15.6 
Germany 4,821 9,683 10,690 20,067 24,092 26,689 12.0 9.7 10.8 14.0 12.7 
Italy 1,536 4,263 2,829 4,999 4,728 5,868 3.8 4.3 2.9 3.5 2.8 
United Kingdom 4,504 10,750 11,917 9,731 12,051 12,550 11.2 10.8 12.0 6.8 6.0 
Other Western  Europe 1,356 7,142 7,667 8,968 10,051 12,443 3.4 7.2 7.7 6.3 5.9 

   Central/Eastern Eur./CIS 87 42 156 719 1,619 2,292 0.2 0.0 0.2 0.5 1.1 
CEE, EU Members 87 42 156 452 1,186 1,794 0.2 0.0 0.2 0.3 0.9 
Ukraine n.a. n.a. n.a. 267 434 498 n.a. n.a. n.a. 0.2 0.2 

    Other Industrialized 2,435 6,486 7,146 14,087 13,792 17,426 6.1 6.5 7.2 9.8 8.3 
Australia 55 201 297 412 602 622 0.1 0.2 0.3 0.3 0.3 
Canada 1,801 4,916 4,833 9,362 8,872 10,654 4.5 4.9 4.9 6.5 5.1 
Israel 391 460 635 1,041 1,012 1,549 1.0 0.5 0.6 0.7 0.7 
Japan 188 910 1,382 3,271 3,306 4,600 0.5 0.9 1.4 2.3 2.2 

  Emerging Economies 1,466 2,909 4,436 9,007 10,254 16,387 3.6 2.9 4.5 6.3 7.8 
    Asia 1,219 1,985 3,272 3,022 4,826 8,671 3.0 2.0 3.3 2.1 4.1 

China (P.R.) n.a. n.a. 178 639 954 1,729 n.a. n.a. 0.2 0.4 0.8 
China (HKG) 2 n.a. n.a. n.a. n.a. n.a. 0.0 n.a. n.a. 0.0 0.0 
India 25 7 10 74 129 415 0.1 0.0 0.0 0.1 0.2 
Indonesia  1 19 22 31 118 184 0.0 0.0 0.0 0.0 0.1 
Korea, Rep. of 362 718 974 847 580 791 0.9 0.7 1.0 0.6 0.4 
Malaysia 167 450 1,537 583 655 958 0.4 0.5 1.6 0.4 0.5 
Philippines n.a. n.a. 2 54 348 249 0.0 n.a. 0.0 0.0 0.1 
Singapore 663 792 549 794 2,042 4,344 1.6 0.8 0.6 0.6 2.1 

    Latin America 246 924 1,131 4,918 4,474 6,479 0.6 0.9 1.1 3.4 3.1 
Argentina 3 n.a. 30 281 70 300 0.0 n.a. 0.0 0.2 0.1 
Brazil 241 695 443 3,685 3,275 4,356 0.6 0.7 0.4 2.6 2.1 
Chile 1 35 3 43 26 33 0.0 0.0 0.0 0.0 0.0 
Colombia 1 n.a. 4 51 58 87 0.0 n.a. 0.0 0.0 0.0 
Mexico 0 194 649 857 1,039 1,702 n.a. 0.2 0.7 0.6 0.8 
Peru  1 0 2 1 5 2 0.0 n.a. 0.0 0.0 0.0 

    Africa & Middle East 1 1 33 1,068 955 1,237 0.0 0.0 0.0 0.7 0.6 
Iran (Islamic Rep. of) n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.0 n.a. 
South Africa  n.a. n.a. n.a. 320 629 491 n.a. n.a. n.a. 0.2 0.2 
Turkey 1 1 33 748 325 747 0.0 0.0 0.0 0.5 0.4 
Source: UN Comtrade Online 
Notes: The industry was defined according to SITC Rev.3. classes 713.1, 714 and 792; for definition see 
Appendix A.1.5. Figures exclude re-export where such data was available.  
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Table 3.14 Export of Aircraft and Spacecraft Parts and Components, 2007  
(Million USD at constant 2000 prices) 

Rank # Country 
Export value 
(Million USD) 

Global share (%) Share of parts & 
components in aircraft 

exports (%) Country Cumulated 
1  USA 17,775.0 38.1 38.1 28.7 
2  Germany 4,829.8 10.3 48.4 22.2 
3  France 4,491.0 9.6 58.0 17.2 
4  Japan 2,142.5 4.6 62.6 94.8 
5 * Singapore 2,104.2 4.5 67.1 81.0 
6  Spain 1,614.0 3.5 70.5 n.a. 
7  Canada 1,578.5 3.4 73.9 20.2 
8  Italy 1,476.3 3.2 77.1 46.5 
9 * Thailand 1,379.7 3.0 80.0 n.a. 

10  Israel 1,233.6 2.6 82.7 98.2 
11 * China (P.R.) 1,037.7 2.2 84.9 88.1 
12  Netherlands 837.3 1.8 86.7 n.a. 
13  Belgium 811.9 1.7 88.4 n.a. 
14 * Malaysia 659.4 1.4 89.8 94.0 
15 * Korea 480.1 1.0 90.9 92.3 
16  Austria 420.8 0.9 91.8 n.a. 
17  Switzerland 389.1 0.8 92.6 n.a. 
18  Norway 351.3 0.8 93.4 n.a. 
19  Australia 344.8 0.7 94.1 78.3 
20 * India 309.5 0.7 94.8 99.1 
21 * Brazil 243.8 0.5 95.3 5.8 
22 * Philippines 239.6 0.5 95.8 96.5 
23  Sweden 205.6 0.4 96.2 n.a. 
24 * Turkey 176.2 0.4 96.6 39.7 
25 * Indonesia 133.0 0.3 96.9 81.7 
26  Czech Rep. 117.7 0.3 97.1 n.a. 
27  Poland 116.1 0.2 97.4 n.a. 
28 * Mexico 113.3 0.2 97.6 19.9 
29  Ireland 103.9 0.2 97.9 n.a. 
30  Denmark 103.6 0.2 98.1 n.a. 
31  Portugal 101.7 0.2 98.3 n.a. 
32 * South Africa 80.5 0.2 98.5 17.9 
33 * Colombia 71.6 0.2 98.6 98.9 

  OTHERS 640.8 1.4 100.0  
  TOTAL 46,714.0 100.0  

Source: UN Comtrade Online 
Notes: (*) indicates emerging economies. Values exclude re-export of same year where data was available. The 
industry was defined according to SITC Rev.3. class 7929 (parts) and 792 (aircraft). 
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Table 3.15 Aerospace Export Share in GDP (percent) 
  1985 1990 1995 2000 2005 2007 
Total Sample 0.22 0.45 0.40 0.49 0.49 0.59 
  Industrialized Countries 0.25 0.50 0.45 0.55 0.57 0.68 

United States 0.34 0.66 0.45 0.56 0.56 0.73 
    Western Europe 0.28 0.66 0.72 0.78 0.86 0.95 

France 0.38 1.06 1.56 1.57 1.84 2.18 
Germany 0.37 0.63 0.62 1.06 1.23 1.29 
Italy 0.19 0.45 0.28 0.46 0.41 0.49 
United Kingdom 0.46 0.93 0.95 0.66 0.72 0.71 
Other Western  Europe 0.09 0.39 0.38 0.37 0.36 0.42 

    Central/Eastern Eur./CIS 0.07 0.01 0.04 0.17 0.31 0.38 
CEE, EU Members 0.07 0.01 0.05 0.12 0.25 0.33 
Ukraine n.a. n.a. n.a. 0.85 0.96 0.95 

    Other Industrialized 0.06 0.13 0.13 0.24 0.22 0.26 
Australia 0.02 0.07 0.09 0.10 0.13 0.12 
Canada 0.38 0.90 0.82 1.29 1.08 1.23 
Israel 0.68 0.64 0.65 0.83 0.73 1.01 
Japan 0.01 0.02 0.03 0.07 0.07 0.09 

  Emerging Economies 0.06 0.10 0.11 0.18 0.16 0.22 
    Asia 0.13 0.14 0.16 0.11 0.12 0.18 

China (People’s Rep. of) n.a. n.a. 0.02 0.05 0.05 0.07 
China (Hong Kong SAR) 0.00 n.a. n.a. 0.00 0.00 0.00 
India 0.01 0.00 0.00 0.02 0.02 0.05 
Indonesia  0.00 0.02 0.01 0.02 0.06 0.08 
Korea, Rep. of 0.19 0.24 0.23 0.16 0.09 0.11 
Malaysia 0.49 0.95 2.07 0.62 0.55 0.72 
Philippines 0.00 n.a. 0.00 0.07 0.37 0.23 
Singapore 2.23 1.77 0.80 0.86 1.78 3.24 

    Latin America 0.02 0.07 0.08 0.28 0.23 0.30 
Argentina 0.00 n.a. 0.01 0.10 0.02 0.08 
Brazil 0.05 0.14 0.08 0.57 0.44 0.54 
Chile 0.00 0.09 0.01 0.06 0.03 0.03 
Colombia 0.00 n.a. 0.00 0.05 0.05 0.07 
Mexico n.a. 0.05 0.15 0.15 0.16 0.25 
Peru  0.00 n.a. 0.00 0.00 0.01 0.00 

    Africa & Middle East 0.00 0.00 0.01 0.21 0.15 0.18 
Iran (Islamic Rep. of)  n.a. n.a. n.a. 0.00 0.00 n.a. 
South Africa  n.a. n.a. n.a. 0.24 0.39 0.28 
Turkey 0.00 0.00 0.02 0.28 0.10 0.20 

Sources: UN Comtrade Online and World Development Indicators Online 
 
The revealed comparative advantage (RCA) captures countries� relative export 
performance. The index is defined according to Balassa (1965) and shown in equation 
(3.5). In the present case it compares the share of aerospace in a country�s national 
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Table 3.16 Revealed Comparative Advantage (RCA) in Aircraft 
  1990 1995 2000 2005 2007 
  Industrialized Countries 1.12 1.23 1.23 1.33 1.33 

United States 2.69 2.69 2.88 3.81 4.19 
    Western Europe 0.91 1.16 0.97 1.04 0.95 

France 1.15 3.04 3.09 4.02 3.81 
Germany n.a. 0.96 1.51 1.41 1.28 
Italy 0.61 0.44 0.84 0.63 0.50 
United Kingdom 0.68 1.69 n.a. n.a. n.a. 
Other Western  Europe 0.35 0.52 0.31 0.32 0.28 

    Central/Eastern Eur./CIS 0.17 0.06 0.18 0.14 0.17 
CEE, EU Members 0.17 0.06 0.13 0.12 0.15 
Ukraine n.a. n.a. 0.54 0.30 0.33 

    Other Industrialized 0.27 0.38 0.62 0.66 0.68 
Australia 0.11 0.28 0.31 0.32 0.25 
Canada 0.75 0.99 1.37 1.51 1.46 
Israel 0.85 1.56 1.67 1.56 1.83 
Japan 0.05 0.09 0.18 0.17 0.25 

  Emerging Economies 0.20 0.19 0.31 0.22 0.26 
    Asia 0.17 0.18 0.13 0.13 0.16 

China (People’s Rep. of) n.a. 0.06 0.12 0.07 0.08 
China (Hong Kong SAR) n.a. n.a. n.a. n.a. n.a. 
India 0.01 0.01 0.08 0.05 0.17 
Indonesia  0.02 0.02 0.02 0.10 0.11 
Korea, Rep. of 0.10 0.14 0.21 0.08 0.11 
Malaysia 0.32 1.11 0.17 0.19 0.31 
Philippines n.a. 0.01 0.02 0.60 0.39 
Singapore 0.29 0.21 0.27 0.47 0.68 

    Latin America 0.35 0.23 0.83 0.59 0.66 
Argentina n.a. 0.07 0.57 0.12 0.39 
Brazil 0.62 0.38 3.65 1.99 2.07 
Chile 0.11 0.01 0.11 0.04 0.03 
Colombia n.a. 0.02 0.21 0.15 0.19 
Mexico 0.10 0.27 0.10 0.10 0.16 
Peru  n.a. 0.02 0.00 0.02 0.00 

    Africa & Middle East n.a. 0.01 0.67 0.32 0.41 
Iran (Islamic Rep. of)  n.a. n.a. n.a. n.a. n.a. 
South Africa  n.a. n.a. 0.66 0.99 0.55 
Turkey n.a. 0.01 1.37 0.16 0.33 

Source: UN Comtrade Online 
Notes: Excludes engines. RCA>1 indicates comparative advantage. For calculations see equation (3.5);  

3.9 The growing demand for air transport 

World air traffic has been growing rapidly in the last four decades. Since 1970, the 
number of air passengers has grown more than six-fold. If every air passenger only flew 
once a year, close to every third citizen of the world could have flown in 2006, while only 
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every eighth person could have experienced this fastest means of travel in 1970. In 
reality however, citizens of high income countries are much more likely to travel by air 
than citizens of other countries (see Table 3.17). Until as recently as the year 2000, some 
90% of the world�s air passengers came from high or upper middle income countries. 
Only by 2006 did this proportion decline to 83%. Yet it was the lower middle income 
group that experienced the largest growth since 1980, a more than 7-fold increase was 
3.3 times the global growth rate of air travel. Such a growth is a clear indication of 
increased demand for aircraft and parts in countries of this group. It also indicates their 
leverage potential in attracting foreign producers to manufacture at least some parts and 
components locally. 
 

Table 3.17 Passengers carried by income groups (thousands) 
  1970 1980 1990 2000 2006 

World Total 310,441 641,873 1,024,977 1,673,922 2,072,237 
 High income 270,301 528,450 846,971 1,351,239 1,538,348 
 Upper middle income 18,932 57,481 79,139 141,008 182,911 
 Lower middle income n.a. 43,712 82,852 160,170 322,855 
 Low income 6,470 12,230 16,015 21,505 28,123 

Source: World Development Indicators Online 
Note: classification refers to standing as of Mar 2009 
 

Table 3.18 Growth of Air Traffic in Selected Countries  
(million passenger-kilometers) 

 
United 
States France (West) 

Germany 
United 

Kingdom Japan P.R.China Brazil 

1952 23,014 1,460 78a 2,000 69 24 n.a. 
1962 60,350 6,116 2,098 8,760 2,474 117 n.a. 
1970 190,868 13,587 8,255 18,953 15,459 179 n.a. 
1975 238,666 23,277 13,634 30,192 32,800 1,539 n.a. 
1980 352,607 34,130 21,056 56,746 53,490 3,956 n.a. 
1985 466,871 39,559 24,431 63,809 65,922 11,672 n.a. 
1990 577,594 52,912 42,387 104,999 101,733 23,048 n.a. 
1993 598,885 59,455 52,941 124,882 108,996 47,760 n.a. 
1995 667,376 n.a. n.a. n.a. 134,231 68,130 49,501b 
2000 855,091 n.a. n.a. 260,675 176,629 97,054 37,973 
2005 939,467 n.a. n.a. 287,399 169,216 204,493 58,741 
2007 977,750 n.a. n.a. 314,245 163,508 279,173 58,675 

Compound average annual growth (%)
1952-1990 8.9 9.9 18.0 11.0 21.2 19.8 n.a. 
1990-2007 3.1 n.a. n.a. 6.7 2.8 15.8 1.9c 

Sources: Mitchell 1998; US Bureau of Transportation Statistics, UK British Transport Statistics; Japan 
Statistical Yearbook, various years; CNBS Statistical Yearbook of China, various years, ANAC Brazil. 
Note: a) refers to 1955; b) refers to 1998; c) refers to the period 1998 to 2007 
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Table 3.19 Passengers Carried by Countries of Departure, Selected Emerging Economies 
and the USA (thousand passengers) 

 1970 1980 1990 2000 2006 
World Total 310,441 641,873 1,024,977 1,673,922 2,072,237 
United States 163,449 295,329 464,574 665,327 725,531 
Brazil 3,340 13,008 19,150 31,288 40,945 
China n.a. 2,568 16,596 61,892 158,013 
India 2,672 6,603 10,862 17,299 40,289 
Korea, Rep. 1,208 3,567 15,685 34,331 34,843 
Indonesia 826 5,059 9,223 9,916 29,867 

Source: World Development Indicators Online 
 
For a long time, the aviation market was very limited in many of the emerging 
economies, despite their large territories. China was one of the best examples of a �non-
flying country�. Even in 1980 it showed passenger-kilometer levels similar to European 
countries before the jet age (Table 3.18). The number of air passengers in China in 1990 
was similar to that of South Korea (Table 3.19). The passenger levels of 2006 are still 
lower than the US levels of 1970. Nevertheless, the growth of air traffic within and out of 
the country exceeded that of many countries with the largest air transport markets. 
Annual average growth in China between 1990 and 2007 was nearly 15.8%, while it was 
only 6.7% in the UK and 3.1% in the USA. It was only China that managed to sustain 
high growth rates �due in part to the very low initial levels of air transport. 

Global air transportation has clearly gained speed after 1980. A major reason for 
this was a 1978 deregulation in USA resulting in the entry of new airlines and the 
expansion of services. Similar deregulation took place in Europe in the 1990s, but many 
of the emerging air transport markets remain highly regulated even today. To a large 
extent the growth is constrained by infrastructural limitations and airport and air traffic 
management capacities. Nevertheless, many of the Asian emerging economies have 
made large investments into tackling these issues and have nurtured the largest airport 
development projects in recent decades (e.g. Singapore Changi, Hong Kong 
International, Shanghai Pudong, Beijing Capital, Bangkok Suvarnabhumi, Kuala 
Lumpur International, to mention but a few). They have accelerated growth despite 
ongoing pilot shortages or airspace restrictions.  

Another way to measure the volume of air traffic is by looking at the sheer 
number of departures. In emerging economies air traffic has been expanding at a much 
faster rate than in industrialized economies. The average growth rate for the period 
1973-1990 was 4.5% for emerging and only 2% for industrialized economies (Table 
3.20). For the period 1990-2007 it was 5.8% and 3.8%, respectively. This is the reason 
why the emerging markets are moving to the center of attention of current and future 
producers. Demand for air transportation has been closely linked to GDP levels and the 
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rapid growth in air traffic in China is explained by the high economic growth. Yet 
growth rates easily exaggerate demand for countries with low initial levels, considering 
that the sum of departures in emerging economies in 2007 was less than that in 
industrialized economies in 1973. Even in the case of China, the number of airline 
departures in 2007 (1.75 million) was still lower than that in Western Europe (1.85 
million) in 1973, not to mention the USA (7.93 million). But the near future will very 
likely bring about substantial changes in the global demand pattern. Assuming that the 
growth rates of 2007 remain stable (which now know in the middle of the financial crisis 
to be unrealistic, especially for Europe), within a decade Asia and even China alone can 
overtake Europe in terms of number of air departures. This certainly gives a solid 
footing for the dreams of Asian aircraft industries. 

The efforts to bring aircraft manufacturing to Asia can also be backed by the 
economic growth predictions (Maddison 2007) and (related to these predictions) new 
aircraft delivery forecast of the world�s four largest manufacturers (see Table 3.21). The 
Asia-Pacific region is expected to take up 29-33 per cent of all new aircraft deliveries, 
becoming the largest buyer. Calculating in 2009 dollars, aircraft sales to Asia will be in 
the range of 1 trillion US dollars over the next 20 years. According to all major 
manufacturers, China, specifically, is expected to receive 11-14 per cent of all aircraft 
deliveries and 14-15 per cent of new regional aircraft in the next two decades. North 
America and Europe will be neck and neck in the total forecast of both large civil aircraft 
manufacturers accounting for 23 to 25 per cent of global demand. North America will 
remain the largest market for regional aircraft (including both jets and turboprops), but 
predictions differ significantly with regard to the shares (between 35-47 per cent). 
According to three of the producers, around one in every four new regional aircraft will 
land in Asia, only Airbus predicts a somewhat different share (17 per cent). 

If the predicted market values in the forecasts are correct, every percentage point 
of market share translates into 3.1-3.6 billion dollars worth of aircraft acquisition over 
the upcoming two decades. Considering the additional maintenance, repair and 
overhaul services demand, developing aircraft manufacturing capabilities has a definite 
appeal beyond static comparative advantages.  
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Table 3.20 Growth of Air Traffic: Registered Carrier Departures, 1960-2007  
(thousands) 

 1973 1985 1990 1995 2000 2005 2007 
CAGR, % 

1973-90 90-2007 
World 9,765 11,898 14,584 18,008 22,009 24,229 24,654 2.4 3.1 
Sample Total 8,841 10,414 12,996 15,573 19,407 21,741 22,273 2.3 3.2 
Industrialized Countries 7,931 8,812 11,063 12,767 16,169 17,426 17,224 2.0 2.6 

United States 5,058 5,554 6,849 7,682 8,821 9,970 9,816 1.8 2.1 
    Western Europe 1,849 2,137 3,014 3,687 5,110 5,095 4,892 2.9 2.9 

France 231 261 442 482 812 728 825 3.9 3.7 
Germany 152 215 344 527 738 1,024 1,127 4.9 7.2 
Italy 446 472 671 725 876 1,018 1,045 2.4 2.6 
United Kingdom 185 175 229 280 368 446 432 1.3 3.8 
Other Western  Europe 835 1,014 1,328 1,674 2,316 1,879 1,463 2.8 0.6 

    Central/Eastern Eur./CIS 86 90 92 135 190 315 270 0.4 6.6 
CEE, EU Members 86 90 92 112 162 273 240 0.4 5.8 
Ukraine n.a. n.a. n.a. 23 28 42 30 n.a. n.a. 

    Other Industrialized 937 1,031 1,108 1,263 2,047 2,047 2,246 1.0 4.2 
Australia 257 239 256 396 383 343 354 0.0 1.9 
Canada 349 352 347 283 963 1,018 1,189 0.0 7.5 
Israel 20 23 30 48 56 34 47 2.3 2.8 
Japan 312 418 476 536 645 652 657 2.5 1.9 

  Emerging Economies 910 1,602 1,933 2,806 3,238 4,315 5,049 4.5 5.9 
    Asia 328 661 878 1,505 1,521 2,657 3,174 6.0 8.0 

China (People’s Rep. of) n.a. 102 196 398 573 1,349 1,754 13.9 13.8 
China (Hong Kong SAR) n.a. n.a. n.a. 194 79 123 n.a. n.a. n.a. 
India 94 140 126 168 198 330 569 1.7 9.3 
Indonesia  43 186 205 262 159 321 358 9.7 3.3 
Korea 40 49 120 189 227 221 243 6.7 4.2 
Malaysia 63 95 131 178 169 176 185 4.3 2.1 
Philippines 67 58 70 64 45 59 65 0.3 -0.4 
Singapore 21 31 31 52 71 77 n.a. 2.1 6.1 

    Latin America 475 818 886 1,100 1,404 1,243 1,388 3.7 2.7 
Argentina 71 101 114 112 169 81 79 2.8 -2.1 
Brazil 173 335 416 454 628 515 650 5.3 2.7 
Chile 21 25 40 78 88 93 101 3.8 5.6 
Colombia 103 124 117 194 199 162 186 0.7 2.8 
Mexico 91 205 177 225 290 331 310 4.0 3.3 
Peru  15 29 22 37 29 61 62 2.2 6.3 

    Africa & Middle East 107 123 168 201 313 415 487 2.7 6.5 
Iran (Islamic Rep. of)  22 27 40 49 83 121 138 3.5 7.6 
South Africa 48 64 84 74 110 148 153 3.4 3.6 
Turkey 37 32 44 79 120 146 197 1.1 9.2 

Source: World Development Indicators Online 
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Table 3.21 Demand Forecast for New Aircraft by Major Manufacturers 
Company Boeing Embraer Airbus Bombardier 
Outlook Period 2009-2029 2010-2029 2009-2028 2010-2029 
A. Regional Aircraft 
   Seating capacity definition: <90 seats 30-120 seats <100 seats 20-99 seats 
   Market value (USD bln) 60 200 n.a. ~239 
   Regional Market Size Tot (Share) Tot (Share)     
   (new deliveries next 20 1920 100% 6875 100% 8321 100% 6,100 100% 
      North America 800 42% 2400 35% 2899 35% 2,860 47% 
      Latin America 20 1% 575 8% 661 8% 350 6% 
      Europe 310 16% 1510 22% 2160 26% (incl. CIS)  950 16% 
      Asia-Pacific 470 24% 575 22% 1374 17% 1580 26% 
         Of which P.R. China 280 15% 950 14% n.a. n.a. 860 14% 
      Russia/CIS 200 10% 405 6% 467 6% n.a. 0% 
      Middle East 70 4% 240 3% 154 2%  (incl. Afr.)  6% 
      Africa 50 3% 220 3% 506 6% n.a.  
B. Total Commercial Aircraft Market 
   Total Market value (USD 3,590 n.a. 3,100 n.a. 
   All new deliveries next 20  30,900 100%    30,175 100%  
      North America 7,200 23%  7,675 25%  
      Latin America 2,180 7%  2,090 7%  
      Europe 7,190 23%  7,585 25%  
      Asia-Pacific 10,320 33%  8,726 29%  
         Of which China 4,330 14%   3,272 11%  
      Russia/CIS 960 3%  1,332 4%  
      Middle East 2,340 8%  1,497 5%  
      Africa 710 2%  1,270 4%  

Source: Boeing Current Market Outlook 2009-2029; Embraer Market Outlook 2010-2029; Airbus Global 
Market Forecast 2009-2028; Bombardier Commercial Aircraft Market Forecast 2010-2029 

3.10 Countries or Companies? 

This book focuses primarily on countries and argues that for the growth of latecomer 
industries the institutional framework is of key importance. Nevertheless, it was 
discussed earlier that during the 1990s the global industry underwent a dramatic 
consolidation process which resulted in the formation of vast transnational corporations 
that integrate a large variety of aerospace and defense production activities and services. 
The turnover and labor force of these companies exceeds the aerospace manufacturing 
turnover and employment of many of the largest aerospace producing countries. Table 
3.22 compares the turnover and employment of companies and countries in 2007. Of 
the top 25 producing entities, 18 are companies based on annual turnover, and 17 based 
on number of persons engaged.  

Not surprisingly, the largest companies are headquartered in the USA (Boeing, 
Lockheed Martin, General Dynamics, Northrop Grumman, United Technologies, 
Raytheon, General Electric, to mention a few) and Europe (e.g. the European 
Aeronautic Defence and Space Company, EADS, BAe Systems, Finmeccanica, Thales, 
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Safran). But the size of their turnover indicates that a significant share of it is originating 
from subsidiaries all over the world.  

Evidence also shows that a few emerging economies have made it to the top 25. 
In 2007 China was the 7th largest aerospace producer in terms of sales and the 3rd largest 
in terms of employment. Embraer of Brazil was the 23rd largest aerospace and defense 
producer based on sales, in fact, the third largest aircraft manufacturer, leading over 
rival Bombardier of Canada.  
 

Table 3.22 Top 25 Aerospace Producer Companies and Countries, 2007 
(Values are in USD millions at constant = 2000 prices) 

 Ranking of countries and 
companies by turnover 

Turnover 
(USD mln)  Ranking of countries and 

companies by persons engaged Personnel 

1 United States 161,081 1 United States 459,270 
2 Boeing (USA) 55,472 2 General Electric (USA) 326,923 
3 EADS (NL) 44,732 3 China 301,418 
4 France 37,768 4 United Technologies (USA) 225,581 
5 Lockheed Martin (USA) 34,979 5 Boeing (USA) 159,332 
6 General Dynamics (USA) 26,595 6 Lockheed Martin (USA) 139,981 
7 China 24,802 7 Honeywell International (USA) 122,021 
8 Northrop Grumman (USA) 23,919 8 Northrop Grumman (USA) 120,000 
9 United Technologies (USA) 18,845 9 EADS (NL) 116,485 

10 Raytheon (USA) 17,799 10 BAE Systems (UK) 97,612 
11 BAE Systems (UK) 17,799 11 United Kingdom 93,475 
12 Germany 16,600 12 General Dynamics (USA) 83,529 
13 Finmeccanica (Italy) 15,354 13 Germany 79,379 
14 United Kingdom 14,666 14 Ukraine 73,113a 
15 Thales (France) 14,297 15 Raytheon (USA) 72,134 
16 General Electric (USA) 14,062 16 France 67,231 
17 Canada 12,370 17 L-3 Communications (USA) 64,612 
18 L-3 Communications (USA) 11,665 18 Thales (France) 61,168 
19 Safran (France) 11,048 19 Finmeccanica (Italy) 60,760 
20 Honeywell International 10,224 20 Bombardier (Canada) 59,963 
21 Rolls-Royce (UK) 8,950 21 Safran (France) 52,496 
22 Italy 8,623 22 Japan 47,725 
23 Embraer (Brazil) 8,351 23 Textron (USA) 44,012 
24 Bombardier (Canada) 8,116 24 Canada 42,703 
25 Textron (USA) 7,449 25 ITT (USA) 39,689 

Source: Flight International and PWC �Aerospace and Defence Top 100 Special Report� in Flight 
International, 8-14 Sep 2009, as well as Table 3.4 and Table 3.7. 
Notes: Companies are bolded; headquarter country shown in brackets. Turnover figures refer to aerospace 
sales only; figures on personnel include none-aerospace activities as well. a) 2006 value shown for Ukraine. 
 
If we look at the list of the Top 100 aerospace companies (based on sales), we find three 
other producers from emerging countries in 2007. Hindustan Aeronautics of India was 
the 40th largest company with 1,742 million USD turnover, Singapore Technologies 
Engineering the 51st with 1,019 million, and Korea Aerospace Industry of South Korea 
the 63rd with 715 million. 
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3.11 Conclusion: newly emerging competitors 

In this chapter, we presented a novel dataset of global aerospace production between 
1960 and 2007 across 45 countries, including a number of emerging producers. We 
demonstrated that the global aerospace industry has grown rapidly over the past half a 
century, yet in a cyclical pattern with major upswings and downswings. The industry is 
to a great extent �owned� by industrialized countries, yet a few emerging economies 
have made significant inroads. This concluding section briefly highlights the key 
findings concerning the emerging economies. 
a. Only a few successful latecomers have become significant producers on a global 

scale. These are China, Singapore and Brazil. A few others have become regional 
players, such as South Korea, Hong Kong SAR and, to a certain degree, India in 
Asia, and Mexico in Latin America. The emerging players directly challenge 
established producers of leading OECD countries, either with their final products 
(Brazil and, in a limited way, China) or by parts and components manufacturing 
(Singapore and China). Regional players have the potential to grow by attracting 
producers of industrialized economies, offering more competitive production 
costs. Strange enough, the consolidation of the industry in the early 1990s 
primarily affected the companies of the �traditional� producing countries. The 
internationalization it brought about was limited to international collaboration 
(risk sharing partnerships) between producers of North America, Europe and 
Japan. It did not expand to lower or middle income countries in what was a first 
wave. However, there appears to be a second wave of internationalization with the 
onset of the 21st century which especially accelerated the growth of East Asian 
aerospace industries.  

b. Although global competition has increased in the past decade, industrialized 
economies continue to have a competitive edge in the sector. Amongst the 
emerging countries only Brazil and Singapore (in parts and components) have 
achieved sustained competitiveness in aerospace exports. Yet competition can be 
very highly distorted in the presence of large domestic markets by the use of 
government procurement or offset strategies. This explains why so many of the 
emerging economies, e.g. China, are more significant producers than exporters. 
Labor productivity, a very crude measure of efficiency, has caught up more with 
the USA in recent years more in emerging economies than in industrialized 
economies. 
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c. Today the most dynamic countries are from the lower to middle income group. On 
average these countries achieved an annual growth rate in value added of 7.5% 
between 1990 and 2007, in contrast with a growth rate of 1.92% in industrialized 
economies. This resulted in a significant catch up with the US value added levels. 
Relative value added shares in Asian countries increased at an annual rate of 5.3%, 
in Latin American countries at 3.8%. In the same period the relative value added 
was decreasing in Western Europe by 1.8% per year. This implies an increasing 
competition, to which North America was much faster to respond than Europe.  

d. An additional factor for increasing competition is the more rapid growth of air 
traffic in Asia, Africa and the Middle East in comparison with other parts of the 
world, due to the higher rates of economic growth in these regions. This is also 
reflected in the expected future demand for new aircraft, where Asia has moved to 
second place after North America. 

e. These changes notwithstanding, the corporate landscape is still ruled by giants 
with headquarters located in the USA and Europe. However, these transnational 
companies have recently started to play an increased role in the growth of the 
industry in emerging country clusters. These companies possess the technologies 
and investment capabilities needed for further growth in emerging economies. The 
concern of many of these companies, to avoid nurturing emerging competitors, is 
mitigated by their need to enter markets which inevitably includes political 
bargaining. 

f. These most recent, promising developments aside, the longer term history of the 
global aerospace industry calls for caution with regard to the prospects of 
developing countries. Many developing countries have seen aerospace as a 
strategic industry worth supporting. Yet too many of them failed. India, Indonesia, 
Argentina, Chile, Colombia, South Africa have all had grand projects that included 
aircraft development but even if there was an upswing in the growth of the 
domestic industry, this could not be sustained. Even those countries that became 
more successful have had serious difficulties in sustaining growth, especially 
during recurrent down-cycles of the global industry. The key question for further 
investigation is: why did some countries succeed in sustaining growth in the 
industry why so many others have not managed to do so? This will be tackled in 
subsequent chapters. 
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 CHAPTER 4  
A Brazil/USA comparison of  

output and productivity65 

4.1 An industry of origin approach to output and productivity 
comparisons 

The basic problem with aggregating output or comparing the levels of labour 
productivity of an industry across countries is the conversion of values to a common 
currency. The various shortcomings of official exchange rates and aggregate, 
expenditure-based purchasing power parities (PPPs) are well established (Ark 1993; 
Maddison and Ark 1988). According to Timmer (2000), the main arguments against 
using official exchange rates for comparing industries can be summarized as follows. 
First, they indicate the relative price levels of internationally tradable goods and services 
in an economy and disregard non-tradables. Next exchange rates are often distorted by 
governments for domestic political and economic reasons. Exchange rates are also 
influenced by speculation and rapid international capital movements. Finally, exchange 
rates provide a single converter for all goods and services produced in the economy. 
They do not allow for sector specific converters.  

Purchasing power parities, such as the ones published by the World Bank, OECD 
or Eurostat address a number of these shortcomings. PPPs are calculated in the tradition 
of Kravis, Heston and Summers (1982) and are based on consumer prices and 
expenditure categories in national accounts. There are, however, several problems with 
the use of PPPs for sectoral productivity comparisons. They include trade and transport 
margins and indirect taxes and subsidies; they include import prices but exclude export 
prices, but most importantly, PPPs are based on final expenditures. They are useful for 
converting expenditure categories, but do not provide industry-specific conversion 
factors from the production side.  

Therefore, when possible, sectoral unit value ratios (UVRs) derived from the 
International Comparison of Output and Productivity (ICOP) methodology are used to 
convert output values and value added in national currencies for purposes of sectoral 

                                                                                 
65 This chapter has also been published as a UNU-MERIT Working Paper 2010-32 (Vertesy and Szirmai 
2010a). 
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international comparisons. In short, according to this tradition developed by Maddison 
and van Ark (1988), Szirmai and Pilat (1990); van Ark (1993) and advanced by Timmer 
(1996) a sample of products from the countries in a comparison are matched and UVRs 
are calculated using ex-factory unit values. These UVRs provide conversion ratios at the 
industry and branch level, and can be aggregated to the national level. Since the 
technical details of the ICOP methodology have been presented in dozens of studies,66 
we refrain from further detail here; interested readers can find a summary in Appendix 
A.2 at the end of the book. 

A major advantage of this method is that it offers industry-specific unit value 
ratios based on production data, which is ideal for sectoral comparisons between 
countries. 

Since the 1980s, UVRs have been meticulously calculated and published at the 
two-digit branch level for a wide range of countries.67 (The aerospace industry forms 
part of transportation equipment manufacturing both in the ISIC Rev.2 and Rev.3 
classification.)  

The feasibility of industry-of-origin comparisons may be constrained by the 
availability of product-level output data in official statistical sources. Industries 
characterized by monopolies are very likely to remain beyond the scope of comparison 
because their production data are not disclosed in national statistics in order to avoid 
identification of a single firm. Thus, it is not surprising that the aerospace industry, 
especially in emerging economies, is missing from all cross-country comparisons. 
Comparisons for the more aggregate �transportation equipment industry� are based on 
samples of products from automobile manufacturing, railway manufacturing or ship 
building industries. The assumption is made that the unit values ratios derived from 
matches in these industries are also applicable to Aerospace output. The technologically 
complex nature of the products and the existence of comparable safety standards 
arguably make these �sister sectors� acceptable proxies. However, the assumption that 
unit value ratios in aerospace are similar to those for other transport subsectors remains 
to be tested empirically.  

The limited number of firms in a sector can result in non-disclosure of data in 
national statistics, but this can also be a virtue. Production statistics can be traced from 
published company figures to form the basis of alternative calculations. If company 
                                                                                 
66 The richest collection of such studies has been published in the Research Memoranda series of the 
Groningen Growth and Development Centre (GGDC). 
67 For a complete list of countries, please refer to the GGDC ICOP Database 1997 Benchmark, 
http://www.ggdc.net. The following selected papers summarize the latest calculation for emerging countries in 
our scope: Brazil and Mexico (Mulder et al. 2002), China (Szirmai et al. 2005), Indonesia, South Korea and 
Taiwan (Stuivenwold and Timmer 2003) and South Africa (Dijk 2002). 
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reports reveal the value and volume of the annual production of certain major products, 
a sample is at hand to execute the ICOP-style calculations.  

Unfortunately, in the case of an industry that is considered strategic for national 
security, such as aerospace, further obstacles emerge. Production detail of defense 
equipment is rarely revealed, and state-owned companies are often less obliged to 
publish reports as detailed as those published by joint-stock companies. Company-
report-based data will most likely be only available for countries where the bulk of 
production caters to the civilian market, rather than to military demand. 

In 1994, the largest state-owned aircraft producing company of Brazil 
(Embraer)68 was privatized and its shares have since been traded on Wall Street. The 
history of aircraft manufacturing in Brazil and of Embraer is discussed at length in 
Chapter 6. Let it suffice here to state that this act made the company successful once 
again, as many observers have noted (Cassiolato et al. 2002; Goldstein 2002a, 2002b; 
Goldstein and McGuire 2004; Marques 2004; Montoro and Migon 2009) and, most 
importantly, as is shown by evidence from annual reports. Based on available company 
data, we make an attempt in this paper to estimate industry-specific unit value ratios to 
convert the value added of Brazilian aerospace industry into US dollars for the 
benchmark year 2005. These unit values ratios will be compared with updated unit value 
ratios for the transportation equipment sector, estimated by Mulder et al (2002), as well 
as with the official exchange rate. 

In this paper, we estimate unit value ratios in order to compare the output and 
productivity of the Brazilian and United States� aerospace industries. There are three 
main reasons for using the US as a benchmark. First, the USA accounts for the largest 
share of the global aerospace production. Second, reliable, detailed product-level 
manufacturing statistics are available over a longer time span. Finally, the USA has been 
the benchmark country for the majority of comparisons in the ICOP literature. 

2005 was selected as the benchmark year. The choice of an appropriate 
benchmark year is of crucial importance for a volatile industry such as aerospace, 
especially if the business cycles of the two countries being compared do not coincide. 
The choice for 2005 was motivated by four arguments. First, production in Brazil in 
2005 was substantial in volume and offered a broad variety of products, indicative of the 
capabilities of the industry. Second, it is a relatively recent year, which comes after the 
currency crises which affected Brazil so heavily and after the industrial reorganization 
following the privatization of Embraer. (The previous study by Mulder et al (2002) took 
1985 as its benchmark year, since when the Brazilian currency has been devalued by 13 
                                                                                 
68 Although the number of enterprises in the sector has been well over a hundred, Embraer clearly dominates 
the industry (see Appendix Table A.4.2).  
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orders of magnitude.) Next, the industry was in equilibrium in that year, with little or no 
excess capacity. Finally, and most importantly, detailed data for that year were available 
from company and independent sources. 

The reliability of UVRs at the industry level depends primarily on the coverage of 
the matched sample (i.e. the share of the output value of matched products in the total 
industry output) and the variation of UVRs within a sector. The coverage ratio in the 
larger, more diversified aerospace industry of the USA is obviously expected to be rather 
low. But for Brazil high coverage rates can be achieved. The most appropriate product 
match shall thus include a set of products that offers the highest possible coverage ratio 
for Brazil. 

4.2 Official data, supplementary data and calculations 

The ICOP methodology requires manufacturing statistics (on produced quantities and 
output values) at both product and industry level in the countries compared. The usual 
sources for such data are economic censuses (carried out typically in a 5-10 year 
intervals) or manufacturing surveys (annual in non-census years).  The United States 
Census Bureau tracks industry output data up to 6 digits in the Annual Surveys of 
Manufacturing (ASM) and up to 10 digits in the Current Industry Reports (CIR). The 
relevant figures for the most detailed classification are however withheld for reasons of 
confidentiality. Figures are presented only up to 8 digits.  

In Brazil, the Instituto Brasileiro de Geografia e Estatística (Brazilian Institute of 
Geography and Statistics, IBGE) collects data up to the 8-digit level (corresponding to 
the 10-digit level of the US), but most of the values in the Pesquisa Industrial Anual 
(PIA) are only shown up to 4 digits in the case of the aerospace industry. (The only 
exception refers to a small share of aircraft parts, amounting to 8% of total output 
value.) 

Officially published figures for the year 2005 for the United States and Brazil are 
presented in Table 4.1. The table clearly indicates that the lack of product level data is a 
major limitation for ICOP-type comparisons. The only comparable figures from the 
national manufacturing surveys indicate that Brazil produced a total of 8.2 billion BRL 
worth of aerospace products in 2005, while the United States� production totaled 133,0 
billion USD.  

Similar limitations have already been addressed in the ICOP literature. Maddison 
and Van Ark (1988, pp.114-119) made adjustments for the automobile manufacturing 
industry based on additional data on the technical specification of products and retail 
value figures published in industry journals to compare the sector in Brazil, Mexico and 
the USA. The analogy of cars appears to be appropriate for the aerospace industry. On 
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the one hand, the number of aircraft produced is much smaller than the number of cars, 
but, on the other hand, the products are much more visible. In other words, while the 
figures can be concealed in national statistics, it is hard to hide the products physically. 
We thus looked beyond national statistics and investigated alternative sources: industry 
journals, industry associations� statistics, independent NGO publications, company 
statements, or environment reports and accident statistics to locate and cross-check 
output quantity data and indications of producer prices or retail prices. The additional 
figures collected and the adjustments made are discussed in the following section. 

 
Table 4.1 Industrial Census Information on the Aerospace industry  

and Commercial Aircrafts (2005) 
 Output 

Quantity 
(units) 

Gross Output Value Added Unit value 
(million in national currency) 

United States (USD)  
Aerospace product & parts mfga n/a 132,977 72,090 n/a 
Complete civil aircraft mfgb 4,288 27,019 n/a 6.3 
  Unladen weight not exceeding 2 tons 1,357 458 n/a 0.3 
  Unladen weight exceeding 2 tons but not exceeding 15 tons (D) (D) n/a (D) 
  Unladen weight exceeding 15 tons (D) (D) n/a (D) 
Brazil (BRL)  
Aerospace manufacturingc n/a 8,196 n/a n/a 
   Unladen weight not exceeding 2 tons (D) (D) n/a (D) 
   Unladen weight exceeding 2 tons but not exceeding 15 tons (D) (D) n/a (D) 
   Unladen weight exceeding 15 tons (D) (D) n/a (D) 
Sources: a) (NAICS 3364) Annual Survey of Manufactures 2005, U.S. Census Bureau; b) (NAICS 33641131) 
Current Industry Report M336G(05)-13, U.S. Census Bureau, Issued: August 2006; c) (CNAE 3531) Pesquisa 
Industrial Produto 2005, vol. 24, No.2., IBGE. 
Notes: (D) Withheld to avoid disclosing data for individual companies. N/a = not available; a) includes all 
products of the aerospace industry as specified in NAICS 3364 (see detailed definition in Appendix A.2); b) 
includes civil aircrafts (fixed wing, powered), helicopters and other civil aircrafts (non-powered) and kits) but 
excludes aircraft engine. 
 

4.2.1 Adjustments and calculation of unit value ratios for Brazilian aircraft 
production 

4.2.1.1 Supplementary data sources 
The actual sales price of an aircraft is confidential information. Producer prices in local 
currency are similarly not accessible, especially given the fact that nearly all aircraft 
produced in 2005 were exported. 

In 2005, the only producer (final assembler) of commercial aircraft in Brazil was 
Embraer. The Financial Statements for the Years Ended December 31, 2006 and 2005 and 
Independent Auditors� Report of the company provides indirect information on the value 
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of aircraft production. The �cost of goods sold� figures (CGS), broken down by 
commercial/defence/ executive/services segments and presented in BRL in the reports, 
were used as a proxy for the ex-factory output value of Embraer aircraft for the year 
2005. This figure comes closest to the ex-factory value of output. As far as we could 
ascertain, it does not contain sales taxes and other duties. The figure for cost of goods 
sold amounted to 6,269 million BRL, which compares realistically to the 8,196 billion 
BRL value published in the Pesquisa Industrial Anual (PIA) statistics, which also 
includes other aerospace segments such as helicopters, light aircrafts, aircraft parts and 
components. 

The quantity of physical output of airplanes was obtained from the delivery 
figures for 2005 published in the 2006 Embraer Annual Report (p.74). The date of 
production and the date of delivery of an aircraft may differ, but interviews with 
company managers and the amount of backlog confirmed that Embraer was producing 
for direct delivery. (In other words, there were no �white tail� planes in 2005.) The 
difference between date of production and date of delivery is the testing period 
following a plane�s roll out from the plant, which is not more than a few weeks. 

We make the assumption that relative sales prices are proportional to the relative 
ex-factory prices. Thus, the actual unit value of each type of aircraft can be estimated if 
the total ex factory value of Embraer aircraft produced and their list prices are known. 
Aircraft Value News (AVN) publishes the list prices of new aircraft in USD (including 
Embraer as well as Boeing planes) and estimates the prices of used aircraft on a yearly 
basis. Where this data was not available, data from the Aviation Industry Group was 
used. Aircraft producers sometimes offer significant discounts (up to around 20%, 
according to industry experts) to customers based on the size of order and delivery 
arrangements. List prices are thus not the actual selling prices, but they do reflect the 
value of an aircraft � the larger the demand the closer selling prices will be to the list 
prices. Given a firm backlog of nearly 500 aircraft for Embraer, the demand can be 
considered high enough. Where maximum and minimum list prices, were published, we 
used the average of maximum and minimum prices.69 Columns 2 and 3 of Table 4.2 
presents the data collected in this fashion. 
 

                                                                                 
69 List prices were not available for the Legacy executive jets, since they are primarily sold individually. We 
assumed that additional, tailor-made design features make the Legacy jets fit more appropriately in the ERJ-
145 category, even if their size is more similar to the ERJ-135s, (Should they be categorised as ERJ-135s, only 
the output value shares change, the effect on the final results is within 2%.) 
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4.2.2 Adjustments and calculation of unit value ratios for production in 
the United States 

4.2.2.1 Supplementary data sources 
The Aerospace Industries Association (AIA) of the US collects and publishes a rich set of 
statistics that include yearly production data of civil transport aircraft70 by type, 
including physical output quantity and aggregate value. According to AIA figures, the 
total value of civil jet transport aircraft (or airliner) production in 2005 was 18.7 billion 
USD (see Table 4.3). This amounts to some 70% of the 27.0 billion USD output value 
presented in the Current Industry Report (CIR) for 2005. The difference is explained by 
the fact that the CIR includes not only airliners, but light and general aviation aircraft 
that fall in the less than 2 ton and the 2-15 ton class category, as well as helicopters and 
other (non-powered) aircraft. 

Neither AIA, nor other sources publish price or unit value data for specific 
aircraft types. Assuming once again that the proportions of list prices are identical to 
proportions of ex-factory unit values, we used list prices of US airplanes published in 
AVN to estimate ex factory unit values, as in the case of Brazil. 

The first row of Table 4.3 shows the aggregate quantity and value data for all 
aircraft from the CIR, the bottom row the quantity and value data for narrow and wide 
bodied aircraft. Produced quantities of the various aircraft types as published by AIA, 
together with the list price information as reported in AVN are shown in the second and 
fourth column of the table. By 2005, B-717s and 757s are no longer included in the list 
prices for newly produced planes. The latest quotations from 2004 and 2002, 
respectively, have been used to price these models. Of the narrow-body aircraft, the B-
717 and 757 families only included one model each (the 717-200 and the 757-300). The 
737 family however varies considerably in size, so the quantities for the Boeing 737-600, 
700, 800 and 900 series were additionally obtained directly from the manufacturer.  
 

4.2.2.2 Calculating unit values of Boeings 
Ex-factory unit values of the various types were calculated for Boeings in the same way 
as described above in the case of Brazil, the only difference was that total gross output 
value of the 290 commercial aircraft was directly available. Based on the assumption that 
relative list prices indicate relative ex-factory unit values of an aircraft, we derived unit 
values in US dollars from the list prices in US dollars, according to equation (4.2). 
                                                                                 
70 A substantial part of the U.S. industry output consists of military aircraft that we do not include in this 
study, considering that there is no Brazilian product to match them. This fact is expected to result in a lower 
coverage ratio of matched products in the total U.S. output. 
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to match Brazilian regional jets with US jumbo jets. The difference is less pronounced if 
we compare the Brazilian planes with the smaller Boeing aircraft. On the US side, we 
therefore distinguished between wide-bodies and narrow-bodies. Narrow-bodies are 
aircraft with an average seating capacity of 130-150 and an average range of 4,500 
kilometres are normally used for interregional as well as regional travel and compose the 
bulk of airliners sold. Wide-bodies are the workhorses of long-range, intercontinental 
air transportation and as our estimated unit values show their average unit values are 
about 100 million dollars higher than narrow-bodies. These jets can most likely be 
excluded from any potential product matching since no emerging country has so far 
been able to produce series of this category.  

The average unit value for the narrow-body class was 43.3 million dollars; its 
total produced value was 9,839 million dollars in 2005. (The Boeing 737 family is 
evidently the most representative of this class.) 

4.2.3 Product matching and calculating UVRs 
A key reason of Embraer�s success was entering the market niche for regional aircraft. 
However, as discussed above, this poses significant challenges when it comes to 
comparing its production with producers in the larger segments. The ICOP 
methodology suggests that once the product unit values are available, UVRs can be 
calculated by matching products based on �broadly defined classes�. The fact that 
aircraft size differs in the two countries calls for caution but is not considered an 
impediment as long as similar product characteristics can be used for classification. van 
Ark and Gersbach (1994) have addressed a somewhat similar problem that could be 
triggered by high-tech products that either have different product descriptions in the 
two countries; where (possibly due to issues of confidentiality) no information is 
available on value or quantity of production; are unique to one country; or where there 
is a different product mix in the industry.  Following their suggestion, we looked for 
additional industry data to obtain the best matches � data on the technical specifications 
of aircraft. Based on such features, we have looked into possible alternatives of matching 
to achieve the highest possible number of products included. 

Two possible dimensions for matching are plane size (wide bodied, narrow 
bodied, or number of seats) or plane weight. International trade and production 
statistics distinguishes airplanes weighing less than 2 tons, between 2-15 tons and more 
than 15 tons (unladen).71 

Size is a better criterion for matching than weight. Most Brazilian-made jetliners 
fall in the category of 2-15 tons, close to the upper limit, with only the largest ones of the 
                                                                                 
71 See e.g. SITC Rev.3 codes 792.2., -3 and -4. 
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E-170/90 family weighting more than 15 tons. On the other hand, all US-produced 
planes weigh more than 15 tons. The best purely weight-based match would only 
involve two products: the Brazilian ERJ-190 jets and the US B-717.  

There are several reasons why we choose not to limit matching to these products. 
First, the product match would only include 13 out of the 290 planes produced in the 
USA. and 13 out of the 142 planes produced in Brazil. Moreover, the significance of this 
product match is questionable since the B-717s are the last planes of an outgoing model 
(in fact, it is just a new name given to the old MD-95s after Boeing acquired McDonnell 
Douglas), while the ERJ-190s are the first of a new series of planes. The prices and values 
of these non-representative items may well be biased. Thirdly, weight-based approaches 
have the shortcoming that they do not necessarily reflect the technological 
sophistication of a product. Producers often cut costs with the use of stretched versions 
of aircrafts with the same technologies involved, same avionics and highly similar 
aerodynamic features and most importantly, with interchangeable parts and 
components.72 Furthermore, with the use of advanced light materials (composites), 
more sophisticated planes are not necessary heavier than their smaller, older 
counterparts. 

Body breadth classifications distinguish between narrow-body (single-aisle) and 
wide-body aircraft. This feature turned out to be useful for matching because it creates a 
clear distinction between long-haul jets and the short- to medium-haul ones that require 
different production capacities and differ in durability. (Even if a few of the narrow-
body category planes can be fitted for long-range operations, they represent a very small 
share of the output in both countries.) We therefore matched Brazilian narrow body 
aircraft with US narrow body aircraft. 

The body breadth classification is useful, since it also provides a solution to the 
weight delimitation issue by setting the boundary at 64 tons (or 45 tons without the B-
757s). (All Embraer jets have single aisle; see Table 4.3 for Boeing single-aisles). Narrow-
bodies cover 76% of Brazilian aerospace industry output compared to 8% in the United 
States. This is not surprising, since the Brazilian industry is specialized in the 
manufacturing of commercial jets while the United States output is far more diverse and 
consists of a whole range of other products including military aircraft, engines, missiles 
and space vehicles � as well as parts and components for Brazilian planes. 

                                                                                 
72 See e.g. aircraft families such as New Generation Boeing 737s, where operational empty weights vary 
between 36.3 and 45.4 tons (with the -600 and -800 respectively) 
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4.2.4 Comparing small apples with big apples: adjustments for product 
size differences 

Even when jumbos and other wide-body jets are excluded from direct product 
comparison, regional jets of Embraer and single-aisles planes of Boeing differ 
significantly in number of seats. Given these differences, we followed two alternative 
ways to calculate the unit value ratio. (1) First, we directly matched the two groups of 
narrow-body jetliners, disregarding differences in size. The rationale behind this 
approach is to compare actual products, without any modification of the figures. As the 
planes produced in the United States are larger than in Brazil, Brazilian output will be 
overestimated and US output will be underestimated. (2) The second alternative is to 
standardize all the narrow-body commercial aircraft produced in the two countries to 
100-seat equivalents and then make a product match. In this way, size differences are 
taken into consideration. But as the quality differences between smaller and larger single 
aisle airplanes are likely to be smaller than indicated by the number of seats, Brazilian 
output will tend to be underestimated relative to US output. There is a substantial 
difference between the unit value ratios calculated according to these two approaches. 
We decided to take the geometric average of the standardised and non-standardised 
estimates.73 

The plausibility of our results can be checked by comparing them with the results 
Mulder et al (2002) as well as with the relative �sales price level� which refers to the 
relative list prices of standardized aircraft.   

4.2.4.1 Standardization 
Standardizing is a solution to eliminate the size differences across the products of the 
two countries. We looked at two attributes: operational empty weight (OEW) and 
maximum number of seats of the single-aisles jets74  manufactured in 2005. The 
correlation with unit values was high in both instances, but the number of seats showed 
marginally higher correlation with the unit values than weight (0.98 vs. 0.96 for the 
combined data of both countries). As discussed above, seating capacity is the most 
meaningful criterion for standardization. For practical reasons, we chose to standardise 
planes at 100 seats, which is less than the US average and more than the Brazilian. The 
choice of number of seats over OEW or other technical characteristics as a proxy for 
value of an aircraft is also supported in the airplanes marketing literature (see Ferreri 
2003, p.219). 
                                                                                 
73 As there is only a single large product match, there is no need to calculate a Paasche and a Laspeyres unit 
value ratio (see methodology in Appendix A.2.1). 
74 Includes the single-aisles jets manufactured in the year 2005, B717, B737-600, -700, -800 and -900, but 
excludes the B757-200s as outlier. 
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There are two ways to obtain unit values for the 100 seat equivalent (100SE) jets. 
First, assuming that the size ratio of an actual plane compared to 100SE equals the 
seating capacity ratio (i.e. a Boeing 717 with 117 seats is 1.17 x 100SE), the produced 
quantity of 100SEs can be calculated for both countries. The unit values of the 100SEs 
are then calculated by dividing the (unchanged) total value of ex-factory output by the 
modified total quantity of production of narrow-bodies.  

Alternatively, the association between seating capacity and unit value of a plane 
can also be the basis for obtaining unit values of the 100SE using a simple kind of 
hedonic regression. We estimated a linear function to predict the unit value of the 
100SE and then calculated the quantity of 100 SE planes produced by dividing the unit 
value into the total value of ex-factory output. The two methods rendered somewhat 
different results, reproduced in Table 4.4 and Table 4.5. Since the regression method 
makes more optimal use of all information, we used the regression method for 
standardising output. The calculations (for both methods) are presented below in 
greater detail. 

The adjusted quantity figures for the USA are shown in column 3 of Table 4.4. 
Since the average seating capacity grew by two-third after the standardization, the unit 
value of the narrow-bodies category decreased by some 40% from 43.3 to 25.8 million 
USD. Following the seat-based hedonic regression method, equation (4.3) estimates a 
unit value of the 100SE of 26.5 million USD reproduced in column (6).   

 
uv  = 0.233 * seats + 3.19; R2 = 0.97
uv (100SE) = 26.5 m USD;  
Q (100SE) = 9839/26.5 = 371.0 m USD 
 
Table 4.4 Results of Quantity and Unit Value Adjustments for the Production of 

100-Seat Equivalent Aircraft (100SE) in the USA 

Aircraft type Maximum 
seating 

Produced 
quantity 

Simple re-
weighted 

output quantity
of 100SE 

Unit value of 
100SE 

Re-weighted 
output quantity 

of 100SE 
(hedonic) 

Unit value of 
100SE 

(hedonic) 

 (1) (2) (3) (4) (5) (6) 
B717 117 13 15.2  
B737-600 132 3 4.0  
B737-700 149 98 146.0  
B737-800 189 105 198.5  
B737-900 215 6 12.9  
B757 228 2 4.6  
Total  227 381.1 25.8 371 26.5 
Source: as described in text 
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Applying the first method for Brazil reduces the total production quantity from 142 to 
87.6 planes and increases the unit value from 44.1 to 71.5 million BRL (see Table 4.5). 
The difference is smaller if the second method is used according to equation (4.4), which 
predicts a unit value of 62.1 million BRL for the standardized 100-seater aircraft and a 
standardised number of 101 planes. 

 
uv = 0.478 * seats + 12.95; R2 = 0.97 
uv (100SE) = 60.8 m BRL; 
Q (100SE) = 6269/60.8 = 103.2 m BRL 
 
Table 4.5 Results of Quantity and Unit Value Adjustments for the Production of  

100-seat equivalent Aircraft (100SE) in Brazil 

Aircraft 
type 

Maximum 
seating 

Produced 
quantity 

Simple re-
weighted output 

quantity of 
100SE 

Unit value of 
100SE 

Re-weighted 
output 

quantity of 
100SE 

(hedonic) 

Unit value 
of 100SE 
(hedonic) 

 (1) (2) (3) (4) (5) (6) 
ERJ-135 37 2 0.7   
ERJ-145 50 67 33.5   
ERJ-170 70 46 32.2   
ERJ-175 78 14 10.9   
ERJ-190 98 12 11.8   
Total  141 89.1 70.3 103.2 60.8 

Source: as described in text 

4.2.4.2 The unit value for narrow-bodies 
First we directly matched the two groups of single-aisles aircraft produced in the two 
countries. This resulted in a unit value of 1.03 reproduced in the first row of Table 4.6. 
This value is lower than the official exchange rate of 2.43 Reais to the US dollar for 
2005). This means that using the exchange rate would lead to an undervaluation of 
Brazilian aerospace manufacturing output.  

Matching standardized 100SE planes results in a much higher unit value ratio of 
2.29 BRL/USD according to the hedonic method (and 2.72 if one would choose the 
simple method), as shown in Table 4.6. 

There is a large difference between the unit value ratios derived by matching 
standardized and non-standardized aircraft. The unit value ratio for the non-
standardised match is far below the exchange rate, the unit value for the hedonic match 
is only slightly lower than the exchange rate. As explained at the beginning of section 
4.2.4, we decided to take the geometric average of the non-standardised and hedonic 
standardised matches, as both have bias in an opposite direction. The geometric average 
of the two UVRs is 1.54 BRL/USD.  
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Table 4.6 Brazil-USA Product Matching for Calculating Unit Value Ratios 
m

et
ho

d Brazil USA
Unit 

Value 
Ratios 

Product Q(BRA) V(USD) uv(USD)
Q(BRA) 
@USA 

uvs 
Type Q(USA) V(USD) uv(USD) 

Q(USA) 
@BRA 

uvs 
1 Emb.NB 141 6,269 44.5 6,111 Boeing NB. 227 9,839 43.3 10,092 1.03 
       

2/a Emb.100SE 89.1 6,269 70.3 2,301 Boeing-100SE 381.1 9,839 25.8 26,807 2.72 
2/b Emb.100SE 103.2 6,269 60.8 2,736 Boeing-100SE 371.0 9,839 26.5 22,546 2.29 

       
 Geometric average of 1 & 2/b:   1.53 
 Exchange rate   2.45 
 Updated UVR for transport equipment industry, based   1.94 
Notes: Emb.NB = Embraer narrow-bodies; Boeing NB = Boeing narrow-bodies; 100SE = 100-seat equivalent;  
Method 1 refers to the direct matching of Brazilian and US-made narrow body aircraft; 
Method 2/a refers to matching standardized 100SE planes on the basis of seat numbers 
Method 2/b refers to matching standardize 100SE planes on the basis of a hedonic regression (see section 
4.2.4.1). 

4.2.5 Comparisons with other UVR estimates 
The official exchange rate for 2005 averaged 2.45 BRL to a dollar.75 Thus our preferred 
UVR estimate of 1.53 BRL/USD is well below the exchange rate. The study of Mulder et 
al (2002, Table 3, p.13) comparing Brazil with the USA presents unit value ratios for 18 
manufacturing branches, including transport equipment for the benchmark year 1985. 
Their unit value ratio for the transport equipment sector in 1985 was 2,689 BRZ/USD. 
This unit value ratio is based on 7 product matches covering 56.3% of Brazilian output 
and 25.4% of US output. The coefficient of variation of the UVRs within the branch was 
low76 (Mulder et al, 2002, Table 3, p.13). We updated the 1985 UVR to 2005, using price 
indices from both countries.77 This resulted in a UVR of 1.94 BRL/USD, which is still 
below the official exchange rate, but 26% higher than our 2005 UVR of the aerospace 
industry of 1.53 BRL/USD. Such a difference seems reasonable, given that almost all of 
the aerospace products are intended for export, while a greater share of other transport 
equipments, including cars, serves the domestic market. Though not identical, the two 
estimates are clearly in the same ballpark. 

                                                                                 
75 Annual average BRL/USD exchange rate for 2005 (IMF) 
76 Coefficients of variation indicate to the reliability of the aggregate ratios as they refer to the homogeneity of 
the product UVRs in a branch. Its value increases with the coverage ratio. The ICOP literature considers 
variations below 0.1 reliable, which is clearly the case of this industry with a variation of 0.01 if Brazilian 
quantity weights and 0.0 if US weights are applied. 
77 We applied an industry level wholesale price index for Brazil from FGV (3.64*10-10) and industry level 
producer price index for the USA from BEA (0.72), and accounted for the currency devaluation in Brazil 
((1/(2.75*1012)). 



CHAPTER 4 
 

108 

4.3 Productivity comparisons 

Consistent published series of value added and employment in aerospace manufacturing 
are not available. Our time series for the two countries have been constructed from a 
variety of sources (see Chapter 3). For Brazil, official gross value of output (GVO), value 
added (VA) and employment figures are available from IBGE from 1996 onwards. 
Value added time series were extrapolated backwards in time, using the index of total 
sales values of Embraer and the ratios of value added to gross output from IBGE for the 
transport equipment industry, as follows. First, the gross value of output was 
extrapolated from 1996 to 1970 using a index of total sales values of Embraer78. 
Subsequently, value added output ratios for the total transport equipment industry were 
applied to estimate the VA series. The data collected by the Aerospace Industry 
Association of Brazil (AIAB) were used for the employment series between 1986 and 
1995. The employment level of 1986 has been extrapolated back to 1973 based on the 
time series of Embraer�s labour force for the years 1973-1985 from Cabral (1987).  

For the USA, our value added series combines figures from the EU KLEMS (SIC 
based, 1970-84) and the OECD STAN (1985-2006) database; the value of 2007 is derived 
from the value for 2006 from STAN by applying the 2006-2007 index from the Annual 
Survey of Manufacturing. The employment series combine the following sources: the 
Groningen Growth and Development Centre�s 60-industry database (1970-1980), 
UNIDO Industrial Statistics (1981-1990), the OECD�s (STAN) for 1991-2006; this was 
extrapolated to 2007 using the employment index from the Annual Survey of 
Manufacturing. 

The trends in labour productivity in the aerospace industry in Brazil and the 
United States are charted in Figure 4.1. Labour productivity series were calculated by 
dividing value added at constant prices with number of employees. The benchmark 
productivity comparison for 2005 has been extrapolated using constant price time series 
of the two countries.  

The study by Mulder et al (2002, Fig.4, p.19) showed that the Brazilian transport 
equipment sector was outperforming other Brazilian manufacturing sectors, with a 
significant productivity lead from 1987 onwards. It was the only sector which attained 
the productivity levels of the USA (from 1996 to 2002). But they make cautionary 
remarks about the reliability of Brazilian time series (ibid, p.20). 

  

                                                                                 
78 sales values in USD for 1970-82 from Ramamurti (1987, Table 5.5, p.193); 1983-84 from Cabral (1987); 
1985-91 Frischtak (1992); and 1992-96 Embraer Annual Reports; World Bank WDI GDP deflators were 
applied 
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Figure 4.1 Comparative Labour Productivity Trends in Aerospace in Brazil and the USA, 
1970-2007 

(1000 USD/Employee; constant prices 2000=100, 3-year moving average) 

 
Sources: See text. Note: For actual figures please refer to Appendix Table A.2.1. 
 

Figure 4.2 Comparison of Labour Productivity Levels in Transport Equipment  
and Aerospace, Brazil/USA, 1970-2007 (USA=100) 

 
Sources: Transport equipment manufacturing industry figures from Mulder et al, (2002, Fig,4, p.19), updated 
with recent data from IBGE after 1999; aerospace industry values from own calculations.  
Note: Actual figures are available in Appendix Table A.2.1. 
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Our study indicates that the Brazilian aerospace industry was not performing as well as 
the transport equipment sector as a whole before the late 1990s. Except for a peak 
reached in 1989, labour productivity of the aerospace sector was on average half the 
levels of the aggregate transport branch (Figure 4.2). However, from the mid-1990s 
onwards, the aerospace industry experienced more rapid productivity growth that 
resulted in its overtaking the transport equipment manufacturing branch between 2000 
and 2003.79  

In an international comparison with the US aerospace industry, Brazilian 
productivity exceeded the level of the US between 1999 and 2003. In 2001 and 2002 
labour productivity exceeded the US level by no less than 40 per cent., before suddenly 
collapsing to around 20 percent in 2007 (Figure 4.2).  

The US productivity trend shows much more stability over time than that of 
Brazil, with a rapid growth spurt during the last decade as result of consolidation in the 
sector. Productivity growth in Brazil is marked by fluctuations, with value added per 
employee varying between 12 and 176 thousand dollars per worker. Given that series 
production and foreign sales of Brazilian commercial aircraft only started in 1970, it is 
no surprise that for the first two decades, the newly emerging industry remained less 
productive than its US counterpart. The relatively low value added levels were related to 
Embraer�s strategy of acquiring foreign technology (see Cassiolato et al, 2002, pp.9-10). 
There are two significant downturns: between 1990 and 1994 and after 2002. The 
productivity decline in the early 1990s is related to the crisis in the aerospace industry 
(see Frischtak, 1992 and case study in Chapter 6). Value added declined from a peak 
value of 560 million USD in 1989 to 130 million in 1994. This was only partly offset by 
the decrease in employment from 13,700 to 6,900 persons. The productivity growth in 
the subsequent period was achieved by steep increases in value added, followed by 
increases in the labour force at a much slower pace. However, the number of employees 
continued to grow steadily even when value added started to decline in 2003, due to the 
fact that Embraer repositioned itself as a system integrator importing over 90% of its 
aircraft parts and components from overseas (see Figueiredo et al. 2008). This resulted 
in a very sharp drop in productivity, by some 180 thousand dollars per employee. 

                                                                                 
79 We have extrapolated the transport equipment series of Mulder et al (2002, Fig.4, p.19) from 1999 onwards 
using updated value added and employment series from the same sources (IBGE for Brazil and BEA for the 
USA). 
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4.3.1 Dramatic miscalculations by the firms 
The dramatic drop in labour productivity since 2001 is so striking that it calls for a 
careful analysis of the changes in the underlying value added and employment trends. 
The changes in the share of value added in gross output in the Brazilian aerospace 
industry are shown in Figure 4.3. In 1998 value added amounted to 39% of total output, 
but over the next four years its share increased to 55%. (In comparison, this ratio for the 
entire Brazilian manufacturing industry remains constantly around 45% (Barbieri et al. 
2008, Fig.6, p.15).) The period between 1998 and 2002 is characterized by two opposing 
forces. Embraer witnessed the success of its E-135/145 family, which contained parts 
and components overwhelmingly manufactured abroad. The company retained design, 
assembly and marketing activities and increased competitiveness. A study on the sector 
(Barbieri et al. 2008) explains the fact that value added grew at a faster pace than gross 
output by the business cycle effect. The success of the ERJ-135/145 family strengthened 
the local supply chain; new small businesses were formed, mainly by former employees 
of Embraer (the number of enterprises in the sector grew from 76 in 1996 to 111 in 
2002). 
 

Figure 4.3 Gross output and value added in the Brazilian aerospace industry, (1996-2002; 
BRL millions at constant = 2000 prices) 

 
Sources: IBGE, FGV 
Note: GO = Gross Output; VA = Value Added; FGV transport sector whole-sale price deflators applied. For 
actual figures please refer to Appendix Table A.2.2. 
 
Between 2002 and 2005 industry value added declined by more than 50% while gross 
output only declined by 20%, resulting in a decline of the value add/output ratio to 



CHAPTER 4 
 

112 

around 33 per cent. The reason for these changes has to do with changes in the structure 
of production. Figure 4.4 illustrates that the peak in value added between 1999 and 2003 
is associated with the production cycle of the E-135/145 family of regional jets. Since the 
development costs of the E-170/190 family were expected to be nearly 3 times as high as 
that of the E-135/145 family, estimated to be around 300 million USD in 2002 
(Goldstein, 2002b),  Embraer decided to rely more heavily on foreign risk sharing 
partners. This resulted in a decline in the local content of the aircraft produced. Despite 
the fact that Embraer required foreign components suppliers to transfer at least a small 
share of production to Brazil, value added did not increase when the E-170/190 jets� 
production cycle took off.  
 
Figure 4.4 The production cycle of the E-135/145 and E-170/190 families and gross output 

and value added in the Brazilian aerospace industry (1996-2007) 

 
Sources: IBGE, Embraer 
Notes: values in constant 2000 BRL; number of deliveries in units 
 
The more than twofold increase in employment between 2002 and 2007 is even more 
puzzling in light of the decrease in value added during the same period. Firms need to 
cover wages and profits from their value added. The fact that over this period total 
employment increased by 110% and total wages increased by 60% while value added 
decreased by 50% and total sales decreased by 10% indicates that � if the statistics are 
correct � the firms behaved in a rather irrational fashion. 
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