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Interlocking firm networks in the German knowledge economy. 

On local networks and global connectivity

Stefan Lüthi, Alain Thierstein, Michael Bentlage

Munich University of Technology

Abstract

We assume that the territory of Germany is experiencing a reorganisation of functional 

division of labour in favour of the knowledge economy. New forms of network economies 

and functional differentiation between cities and towns can be observed. The increasing 

importance of emerging network economies has introduced new lines of thinking about space, 

place and scale that interprets regions as unbounded, relational spaces. The key aim of the 

paper is to set out a theoretical context and then to empirically investigate the functional 

polycentric patterns and interlocking networks of Advanced Producer Services (APS) and 

High-Tech firms. We start from a conceptual background that brings together the location 

behaviour of multi-branch multi-location firms with a world city network approach. The 

paper looks at the extent to which the functional urban hierarchy within the German space 

economy is associated with different special scales and economic sub-sectors. Interim results 

provide evidence that the German territory can be regarded as a hierarchically organized 

space economy in which only few cities establish substantial international connectivities and 

economic strength.

Key words: Germany, knowledge economy, Advanced Producer Services firms, High-Tech 

firms, interlocking firm networks

1. Introduction

The main motivation of our research is the question how to interpret global trends in spatial 

development. The process of internationalization and globalization of the economy, politics 

and culture seems again to boil down to the question whether ‚the world is flat‘ (Friedman 

2005) or whether ‚the world is spiky‘ (Florida 2005). Thomas Friedman‘s (2005) hypothesis 

builds upon the levelling effect of information and communications technology (ICT) arguing 

that it is a series of ICT-related modes of organization of production and services that has 
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enabled a workforce of millions of well qualified people to enter global competition. India 

and China, together with Russia and other post-Soviet countries, have therefore helped to 

make the world more flat in terms of opportunities to compete for jobs and add value 

(Friedman 2005). In contrast, it is Richard Florida‘s hypothesis (2005) that the world –

despite the flattening impacts of ICT – is still a very spiky place, with only a very limited 

number of truly global players. Florida argues that globalization has indeed had a levelling 

effect in as much as more players have entered the competition. But the growing importance 

of the knowledge economy – and its requirements for talented and creative people, high-

quality urban locations and organizational networking – produces a counter-force that brings 

about a spatial concentration of added value and innovation to only a very few truly global 

urban areas (Florida 2005). Indeed, although developments in ICT have shrunk the world, the 

‘end of geography’ or ‘the death of distance’ seems  not to come true (O´Brien 1992; 

Cairncross 1997). Why do geographical concentrations of economic activity not only still 

exist but also represent the normal state of affairs? Why do ‘sticky places’ continue to exist in 

‘slippery space’ (Markusen 1996)? 

The key for understanding these questions is to think of economic processes in terms of 

connections of activities, linked through both physical and non-physical flows in networks. 

The increasing importance of network economies has introduced new lines of thinking about 

space, place and scale that interprets regions as unbounded, relational spaces. From a 

relational point of view, regions can be defined by their linkages and relations within and 

beyond their  territorial boundaries (Pike 2007). The major advantage of adopting such a 

network approach to understanding the knowledge economy is that it helps us to appreciate 

the interconnectedness of economic activities across different geographical scales (Dicken 

2007). What links people together across time and space? How are things and people 

connected and embedded economically? In what ways do goods, information and capital flow 

and why are they channelled down to particular vertices and nodes? Thinking in terms of 

networks forces us to theorize socioeconomic processes as intertwined and mutually 

constitutive (Howells 2000). Therefore, regional science needs to conceive the roles that 

locality plays as individual nodes in the networks of national and international linkages. 

The aim of this paper is to set out a theoretical context and then to empirically investigate the 

functional polycentric patterns and interlocking networks of Advanced Producer Services 

(APS) and High-Tech firms in the German space economy. We start from a conceptual 

background that brings together the location behaviour of multi-branch multi-location firms 
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with a world city network approach. More than a pure locational perspective, this relational 

research design makes it possible to highlight how cities and towns within and beyond the 

German territory are interlocked with each other. The paper is structured in six main sections. 

First of all, we focus on the functional logic of the knowledge economy by discussing both 

the functional logic of knowledge creation and the main features of business organization. 

The second section presents the spatial consequences of these functional patterns by 

examining key spatial concepts such as knowledge spillovers, the role of proximity and 

business functions in space. Based on these findings, we then are going to introduce our main 

hypothesis: the German city hierarchy hypothesis. Subsequently, the empirical model is 

expounded and the main findings about the functional urban hierarchy in the German space 

economy are presented. The last section concludes by synthesizing the main findings and 

putting them into the theoretical context. 

2. The functional logic of the knowledge economy

In recent years a considerable body of work has been developed in order to explain the shift 

towards a knowledge-based economy (OECD 1996; Dunning 2000b; Amin and Cohendet 

2004; Schamp 2003; Cooke 2002; Kujath 2005; Cooke et al. 1998). The OECD (1999) for 

example underlines that the production of goods and services is becoming more and more 

knowledge intensive – more science-intensive via the better use of existing stocks of scientific 

knowledge, more technology-intensive via the diffusion of advanced equipments, as well as 

more skill-intensive in terms of managing the increasingly complex knowledge base related to 

productive activities (OECD 1999). If researchers want to analyze how space is affected by 

the knowledge economy, they have to understand its functional logic, that is the functional 

logic of knowledge creation and the functional logic of business organization. We shall deal 

with these issues in the next two sections. 

2.1 The functional logic of knowledge creation

There is a widespread agreement in academic literature that knowledge has become the main 

source of economic development in advanced regions and nations. Tödtling et al. (2006) 

argue that the rise of knowledge intensive sectors in production and services can be seen as a 

main feature of a new era of capitalism and as a role model for the future (Tödtling et al. 

2006). In order to develop a better understanding of the functional logic of knowledge 

creation the meaning of knowledge and its different approaches have to be analyzed in greater 

detail. 
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An early but seminal classification of knowledge has been made by Michael Polanyi (1966) 

who distinguished between explicit (or codified) and tacit knowledge (Polanyi 1966). In his 

classic work The Tacit Dimension, Michael Polanyi’s famous phrase “we can know more than 

we can tell” (1966:4) lays at the heart of his distinction between explicit and tacit knowledge 

(Gertler 2003). Explicit knowledge can be codified in formal and systematic language and 

shared in the form of data, scientific formulae, specifications, manuals, blueprints and the 

like. It can be processed, transmitted and stored relatively easily. Tacit knowledge, in 

contrast, refers to knowledge that is highly personal and hard to formalize. It comprises 

subjective insights, intuitions and hunches, and it is deeply rooted in action, procedures, 

routines, commitment, ideals, values and emotions (Nonaka et al. 2000). However, a strict 

distinction between explicit and tacit knowledge is problematic. Indeed, even Polanyi was at 

pains to stress that explicit and tacit knowledge should be accepted as the opposite ends of a 

continuum (Howells 2002). Polanyi (1966) saw explicit and tacit knowledge as essentially 

complementary because all forms of codified knowledge require tacit knowledge in order to 

be useful (Polanyi 1966). Hence, the binary argument of whether knowledge is codified or 

tacit in nature can be criticized as too narrow to understand knowledge creation processes; 

there is a need to go beyond this simple dichotomy. 

One way to overcome this conceptual oversimplification is to distinguish between synthetic, 

analytical, and symbolic types of knowledge (Laestadius 1998; Asheim and Coenen 2005). 

Analytical knowledge refers to activities where scientific knowledge based on formal models 

and codification is highly important. Thereby, knowledge inputs are ofen based on reviews of 

existing studies and on the application of scientific principles and methods. Knowledge

processes are formally organized and the outcomes tend to be documented in reports, 

electronic files or patent descriptions. Synthetic knowledge refers to economic activities, 

where innovation mainly takes place through the application of novel combinations of 

existing knowledge, for example in plant engineering or advanced industrial machinery. In 

this  case, new knowledge is created by solving specific problems  during the interaction 

process with customers, suppliers or research establishments. And finally, symbolic 

knowledge is related to the aesthetic attributes of products. It involves the creation of designs 

and images in order to create economic value of cultural artefacts. The dynamic development 

of cultural industries such as media, design or fashion indicates the increasing significance of 

this  type of knowledge (Cooke et al. 2007). As a result of the growing complexity of 

knowledge creation and the diversity of different knowledge types, firms increasingly need to 
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acquire new knowledge to supplement their internal knowledge bases by collaborating with 

external firms.

This leads us to the notion of the knowledge economy. There is no commonly accepted 

definition of what the knowledge economy is. According to Cooke et al. (2007) not only the 

use of knowledge is important to define the knowledge economy, but also the knowledge 

creation process (Cooke et al. 2007). Cooke (2002) argues that “knowledge economies are not 

defined in terms of their use of scientific and technological knowledge (…). Rather, they are 

characterized by exploitation of new knowledge in order to create more new knowledge” 

(Cooke 2002:4p). This explanation comes quite close to Castell’s (2000:17) finding that “the 

action of knowledge upon knowledge itself” is the main source of productivity. He argues that 

– in the new informational mode of development – the main source of productivity lies in the 

technology of knowledge generation and information processing (Castells 2000). Based on 

Cooke’s (2002) and Castells’ (2000) argument, we suggest a definition of the knowledge 

economy that additionally accounts for the strategic importance of knowledge in the 

innovation process. Therefore, we define the knowledge economy as:

“this part of the economy, in which highly specialized 

knowledge and skills are strategically combined from 

different parts of the value chain in order to create 

innovations and to sustain competitive advantage”. 

This definition underlines that the knowledge economy is causally determined by four 

mutually reinforcing attributes (Figure 1). Firstly, the knowledge economy uses highly 

specialized knowledge and skills based on the combination of scientific knowledge and 

operating experiences. So, a key component of the knowledge economy is a greater reliance 

on intellectual capabilities than on physical inputs or natural resources. Secondly, as 

knowledge and technology have become increasingly complex, the knowledge economy 

establishes strategic links between firms and other organizations as a way to acquire 

specialized knowledge from different parts of the value chain. By taking such a network 

perspective, the knowledge economy is viewed as a dynamic process, characterized by 

continuous interactions and division of labour within a firm and between different firms of a 

production network. Thirdly, the outcome of these network activities are innovations in a 
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Schumpeterian sense, that is to create new products, new production methods, new markets or 

new organizational structures, and – most importantly – to transform them into marketable 

products. And finally, the continuous development of new knowledge and innovations 

enables the knowledge economy to benefit from temporary monopoly profits and to sustain 

competitive advantage. This feeds back to the core competencies and knowledge resources of 

the firm, enhancing the development of new specialized knowledge and skills. 

Figure 1: Key attributes of the knowledge economy.

Two important pillars of the knowledge economy are Advanced Producer Services (APS) and 

High-Tech firms. Advanced Producer Services (APS) can be defined as “a cluster of 

activities that provide specialized services, embodying professional knowledge and 

processing specialized information to other service sectors” (Hall and Pain 2006:4). 

According to Wood (2002) they offer expertise in a wide range of areas: management and 

administration, production, research, human resources, information and communication, and 

marketing (Wood 2002). The essential common characteristic of these branches is that they 

generate, analyse, exchange and trade information making them to key intermediaries in the 
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knowledge economy. Because they are increasingly provided by firms with offices in many 

cities worldwide, flows of information within and between APS firms have a crucial role in 

linking cities to the global economy (Pain and Hall 2008). However, Advanced Producer 

Services (APS) firms are not the only determining element in the process of structural change 

towards the knowledge economy. In order to understand the geographies of globalization 

processes, one has to account simultaneously for both the APS- and the High-Tech-sectors 

because both of them are integral parts of spatial development processes. Although the High-

Tech sector has been analysed numerous times, its definition is highly variable. One of the 

most convincing definitions is provided by Rogers and Larson as far back as 1984: “A high-

tech industry is characterized by: (1) highly skilled employees, any of whom are scientists and 

engineers; (2) a fast rate of growth; (3) a high ratio of Research and Development (R&D) 

expenditures to sales; and (4) a worldwide market for its products. Not only is the technology 

very advanced, but it also continuously changing, at a much faster rate of progress than other 

industries” (Rogers and Larsen 1984:29). All in all, the importance of the systemic interplay 

between Advanced Producer Services (APS) and High-Tech industries has to be emphasized. 

Wood (2005:430p) for example warns us to tab into the “sector fallacy”, separating service 

and manufacturing functions rather than recognizing them as essentially inter-dependent and 

complementary to each other (Wood 2005). The competitive advantage of firms never 

depends on a single input, but always on conjunctions of expertise in and between various 

phases of the production process. 

2.2. The functional logic of business organization

“Firms, not nations, compete in international markets. We must understand how firms create 

and sustain competitive advantage in order to explain what role the nation plays in the 

process” (Porter 1990:33). With this statement, Michael Porter (1990) starts his  line of 

argument in his  p ioneering work about ‘The Competitive Advantage of Nations’ (Porter 

1990). The statement makes clear that firms and their strategic and organizational structures 

are the key players of economic and spatial development. Firms must be flexible to respond 

rapidly to competitive and market changes. They must benchmark continuously to achieve 

best practice. Often, they must outsource to gain efficiencies and they must nurture a few core 

competencies in the race to stay ahead of rivals. Increasing competitive pressure forces them 

to optimize the coordination between entrepreneurial tasks as well as the range of services and 

products that are provided (Picot et al. 2008). Dicken (2007) argues that production networks 

are coordinated and regulated primarily through the various forms of intra- and extra-
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organizational relationships of business firms that constitute the economic system of market 

economies (Dicken 2007). In turn, key features of intra-firm and extra-firm networks will be 

discussed briefly. 

More than any other institutions, intra-firm networks of transnational corporations (TNCs) 

have come to be seen as important shapers of the contemporary global economy (Dicken 

2007). According to the OECD (2008), the importance of TNCs is linked to their strengths in 

a range of knowledge-based assets that allow them to take advantage of profitable 

opportunities in foreign markets setting up subsidiaries and affiliates abroad, to co-ordinate 

production and distribution across many countries, and to shift their activities according to 

changing demand and cost conditions. Because global competition has been intensified, 

companies have been forced to innovate more quickly and to develop commercially viable 

products and services more rapidly. Knowledge has become increasingly multidisciplinary 

and global in scope, making innovation both more expensive and riskier. At the same time,

some barriers to the dispersion of innovations have become less significant owing to rapid 

developments in information and communication technology. These trends imply changes in 

the governance of TNCs, with important implications for the role of subsidiaries in 

recognising and exploiting the potential for innovation (OECD 2008). The dilemma facing 

TNCs is that they need to be globally efficient, geographically flexible, and capable of 

capturing the benefits of worldwide knowledge resources incorporated in their branches, all at 

the same time (Dicken 2007). In order to analyze these intra-firm patterns, organizational 

scholars such as Bartlett and Ghoshal (2002) focus on the individual manager – rather than on 

the firm – as their main unit of analysis (Bartlett and Ghoshal 2002). Bartlett and Ghoshal 

(2002) argue that we are now witnessing the emergence of a new organizational management 

model, characterized by a high capacity to develop flexible coordination processes. The 

organizational architectures of TNCs are converging toward a common configuration, in 

which increasingly specialized units worldwide were linked into an integrated network of 

operations that enable them to achieve their multidimensional strategic objectives of 

efficiency, responsiveness, and innovation (Bartlett and Ghoshal 2002). 

Intra-firm hierarchies of leading knowledge-intensive companies are only one set of 

connections among many (Coe et al. 2010). No firm is completely self-sufficient. It is now 

widely admitted that the most advanced activities of knowledge-intensive firms are deeply 

inscribed in wide external networks of suppliers, subcontractors and business clients, many of 

whom are small- and medium-sized enterprises (Storper 1992). In the 1970s, the unique 
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competitive advantage of firms primarily reflected their ability to internally produce and 

organize proprietary assets. Since the turn of the millennium, the emphasis is more on their 

capabilities to access and organize knowledge intensive assets from throughout the world; and 

to integrate these not only with their existing competitive advantages, but with those of other 

firms engaging in complementary value added activities (Dunning 2000a). These extra-firm 

linkages are of increasing significance because firms have to rely not only on in-house 

knowledge but also on resources external to the firm (Howells 2000). In many cases, 

outsourcing strategies in respect of single activities are more efficient and lead to a higher 

quality of products and services. Many firms concentrate on their key competencies, which 

are produced in-house, while activities that do not belong to the core business are outsourced 

to other companies. Even networks and strategic alliances between competitors open the 

opportunity for formal and informal information exchange within the same field of business 

(Porter 1990). According to Gomes-Casseres (1996) the overwhelming majority of strategic 

networks are between competitors reflecting a new form of business relationship: a “new 

rivalry... in the way collaboration and competition interact” (Gomes-Casseres 1996:2). Under 

these conditions, there is a high potential for developing new products and services needing 

upstream and downstream inputs and costumers, which represents the different elements of 

the value chain in the knowledge economy.

3. The spatial logic of the knowledge economy

The functional logic of the knowledge economy has significant impacts on the spatial 

development in metropolitan areas. Based on the preceding functional discussion, the 

following chapter will examine the spatial logic of the knowledge economy by analyzing the 

spatial patterns of both knowledge creation and business organization. 

3.1 The spatial logic of knowledge creation

From the definition and description of knowledge outlined above, the next question is why 

geography is important to the understanding of knowledge creation? According to Amin and 

Cohendet (2004), the power of context – spatial and temporal – should be placed at the centre 

of any theorization of knowledge formation (Amin and Cohendet 2004). Malecki (2000) 

describes this aspect as the “local nature of knowledge” and highlights the necessity to accept 

knowledge as a spatial factor of competition: “If knowledge is not found everywhere, then 

where it is located becomes a particularly significant issue” (Malecki 2000:110). This 

observation begs the question of how knowledge creation can be analyzed empirically and 
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how it can be mapped in a geographical context. In this regard, the concept of knowledge 

spillovers becomes important. 

In the last decade, there have been a growing number of studies which have tried to analyze 

the presence and significance of knowledge spillovers (Gallié 2009; Capello 2009; Audretsch 

and Keilbach 2008). A number of authors have demonstrated through econometric methods 

that knowledge spillovers are closely related to spatial proximity (Cooke et al. 2007). For 

example, Jaffe et al. (1993) find considerable spatial proximity effects with respect to patent 

citations arguing that local knowledge spillovers might result from various mechanisms such 

as labour mobility or informal contacts (Jaffe et al. 1993). A geographical distance decay of 

knowledge spillovers is also shown by Anselin et al. (1997) for the US and by Bottazi et al. 

(2003) for Europe (Anselin et al. 1997; Bottazzi and Peri 2003). These examples show that 

geography still seems to count in terms of knowledge creation processes. 

However, the extensive literature on knowledge spillovers has also left many questions 

unanswered. For example: What does proximity mean? How close is close? Howells (2002) 

underlines that there is a strong need to isolate analytically the effect of geographical 

proximity form other forms of proximity to determine whether geographical proximity really 

matters in the process of knowledge creation (Howells 2000). In the academic debate, the 

notions of relational, organizational, cognitive, social, institutional and geographical 

proximity are most frequently discusses. Relational proximity is supported by a rich and 

diversified infrastructure of global travel and communication, including rapid and frequent 

trains and flights, sophisticated logistics networks to keep freight and people on the move, and 

easy access to a variety of real-time and interactive communication media facilities (Amin 

and Cohendet 2004). Organizational proximity means the ability of an organization to make 

its member interact with each other (Torre and Rallet 2005). It relates to “complementary 

resources held by players that could potentially participate in a common productive process, 

within the same organization, or within a set of interacting organizations” (Carrincazeaux et 

al. 2008:619). Cognitive proximity means that people who share the same knowledge base 

may learn from each other more easily than people without the same expertise. Individuals 

need cognitive proximity in order to communicate, understand, absorb and process new 

information successfully (Boschma and Iammarino 2009). Social proximity indicates that 

economic relations are embedded in a social context. It can be defined as “socially embedded 

relations between agents at the micro-level” (Boschma 2005:66). In contrast to social 

proximity, which focuses more on micro-processes, institutional proximity is associated with 
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the institutional framework on the macro-level. Institutional proximity is an enabling factor, 

providing stable conditions for the creation of knowledge (Boschma 2005). Geographical 

proximity, finally, can be defined as “kilometric distance that separates two units (individuals, 

organizations, towns) in geographical space” (Torre and Rallet 2005:49). Short distances 

bring people together and enable them to exchange tacit knowledge. The larger the distance 

between these people, the less the intensity of the positive externalities, and the more difficult 

it becomes to transfer tacit knowledge.

Overall, it seems that there is a strong awareness that different dimensions of proximity are 

critical to the competitive advantage of firms and regions. Many authors have contributed to 

the literature by putting emphasis on the many economic advantages of being co-located 

geographically. However, in doing so, they have also pointed out that other dimensions of 

proximity are a key in understanding the knowledge creation process of firms. 

3.2 The spatial logic of business organization

Various authors stress the importance of location for the competitive advantage of firms. 

Managing space and time is an essential strategic problem for multi-branch multi-location 

enterprises (Schoenberger 2000). Choosing the right location is becoming an increasingly 

important part of a company’s strategy. The outcome of this location decision-making process 

has a direct impact on the locational structure of the firm and the spatial organization of its 

business functions. Different business functions have different needs in terms of location and 

tend to develop rather distinctive spatial patterns. Some of them tend to be spatially dispersed; 

others are spatially concentrated and co-located with other parts of the value-chain. 

Commonly, six business functions are distinguished, representing the major parts of a firm’s 

value chain: control and coordination, research and development, processing and production, 

financing, marketing as well as sales and distribution. Control and coordination functions are 

mostly concentrated in corporate and regional headquarters. According to Castells (1989) they 

continue to be situated in the central business districts of metropolitan areas, although 

metropolitan dominance has been eroded in terms of competition from the suburbs (Castells 

1989). Research and development is characterized by a complex sequence of activities with 

different locational requirements. The need for a highly skilled labor force as well as 

proximity to universities and research institutions often confines R&D facilities to large 

metropolitan regions (Dicken 2007). The locational requirements of production and 

processing units vary considerably from one industry to another. However, as Dicken (2007) 

argues, during the past decades, a new organizational form of production has become 
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prominent: knowledge intensive firms increasingly spread their production units globally as 

part of a worldwide intra-firm sourcing strategy (Dicken 2007). Financial services are 

fundamental to the operations of the knowledge economy. Higher-order financial functions 

are heavily concentrated in the major global financial centres of the world – such as New 

York, London and Tokyo (Sassen 2001). Front-office functions, in contrast, have to be close 

to customers leading to spatially dispersed branch networks of retail banks supplying final 

demand. Marketing functions are often concentrated in corporate headquarters, too. 

Increasingly, however, they are located in regional headquarters or close to R&D activities in 

order to adapt marketing decisions to local conditions and consumer’s tastes (Dicken 2007). 

Sales and distribution units, finally, tend to be rather small and very widely dispersed 

because they need to be as close as possible to the markets served by the firm. They must be 

sensitive to local conditions in order to feed back relevant information and to tailor the firm’s 

products to local tastes (Dicken 2007). 

4. The hypothesis of the German city hierarchy

The purpose of this paper is to elaborate to the question of how German cities are integrated 

into the world city networkby the functional logic of the knowledge economy. To what extent 

is the functional urban hierarchy within and between German cities associated with different 

spatial scales and sectors of knowledge-intensive activities? How has the globalization of 

economic activity – and the current global financial crisis – affected this highly polycentric 

‘national’ urban system? Are German cities part of two distinct urban configurations, one 

nation-based, reflecting the federal structure of Germany, the other linking into a global 

network of cities, echoing the country’s claim to be world champion in foreign trade? Starting 

from the theoretical and conceptual considerations discussed above, we propose three central 

hypotheses with respect to the German space economy: 

 H1: Advanced Producer Services (APS) and High-Tech firms located in Germany 

show different connectivity patterns because they pursue different business strategies. 

 H2: The mere size of a German agglomeration does not automatically increase its 

functional significance in terms of global connectivity. 

 H3: The development of global markets and networks create a steep functional urban 

hierarchy in the German space economy. For national networks, this functional urban 

hierarchy is less pronounced. 
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These hypotheses have to be seen in the context of the world city network debate. From the 

seminal work of Peter Hall (1966) about the characteristics of world cities to the pioneering 

work of Sakia Sassen (1991) about the global city, the central facet of the world city literature 

has been to rank cities according to their disproportionate geoeconomic power in the world-

system (Beaverstock et al. 1999). In much of this comparative research, different urban 

settlements are ranked according to one or more variables, such as population and 

employment size, headquarter totals etc. In this context, however, the term ‘hierarchy’ is 

ambiguous and there is a great temptation to interpret such rankings as hierarchies. But of 

course, such rankings do not prove the existence of an urban hierarchy since this can only be 

defined as relations between cities and towns (Taylor 2007). In order to overcome this 

shortcoming, we apply the interlocking network model developed by the Globalization and 

World Cities Study Group (GaWC) at Loughborough University to analyze global 

connectivity patterns and functional urban hierarchies in the German knowledge economy 

(Taylor 2004). 

5. The interlocking network model

The interlocking network model estimates potential city connectivities from the office 

networks of multi-branch, multi-location enterprises. These office networks represent the 

functional logic of the knowledge economy in a spatial perspective. The empirical work 

involves three stages. In the first stage, we created a company database comprising the biggest 

multi-location Advanced Producer Services and High-Tech firms located in Germany. The 

result of this process was a basic set of 270 Advanced Producer Services and 210 High-Tech 

enterprises. In the second stage, we rated these office locations on the basis of their 

importance in the overall intra-firm network by analysing the firms’ websites. The importance 

is defined by the size of an office location and its function. The basic premise of this method 

is that the more important the office, the greater its flow of information to other office 

locations. In the third stage, finally, we used the interlocking network model established by 

Taylor (2004) to estimate connectivities between cities and towns within and beyond the 

German space economy (Taylor 2004). The primary output of this model is network 

connectivity, a measure that estimates of how well connected a city is within the overall intra-

firm network of knowledge intensive enterprises.

The analytical building blocks are built by so called Functional Urban Areas (FUAs) as 

defined by the ESPON research project 111 – Potentials for polycentric development in 
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Europe (ESPON 2004). They are defined as having an urban core of at least 15,000 

inhabitants and over 50,000 in total population; the definition of the rings is based on 45-

minute isochrones. Further details about the FUA delineation can be seen in the Annex Report 

D of the ESPON Project 111 (Schürmann 2004). All in all, 186 FUAs in Germany and 2749 

cities outside Germany have been integrated into the network analysis. 

6. The functional urban hierarchy in the German knowledge economy

In the following sections, the main findings of the interlocking network analysis are 

presented. We start with the connectivity patterns at the global scale, and then zooming in to 

show the finer-grained hierarchical textures on the national and regional level. 

6.1 The functional urban hierarchy at the global scale

Around 25 years ago, the Japanese management writer Kenichi Ohmae (1985) coined the 

term “global triad” to argue that the world economy is now essentially organized around a tri-

polar macro-regional structure, whose three pillars are North America, Europe and East Asia 

(Ohmae 1985). According to Dicken (2007) these three macro-regions together contain 86 per 

cent of both total world GDP and total world merchandise exports. Furthermore, they are the 

focus of the vast majority of the world’s foreign direct investment (Dicken 2007). 

This global triad hypothesis is supported by the findings of our interlocking network analysis. 

Figure 2 shows the top 20 cities in terms of the interlock connectivities for Advanced 

Producer Services (APS) firms. A big font size in dark red illustrates a high, a small font size 

a low interlock connectivity. New York, London, Hamburg, Paris and Frankfurt indicate the 

highest connectivity values. Generally, three macro-regions seem to be of particular 

importance for Advanced Producer Services firms located in Germany. Firstly, there is 

Germany itself. Six German cities rank in the top 20: Hamburg, Frankfurt, Munich, Berlin, 

Stuttgart and Düsseldorf. These cities can be regarded as kind of ‘urban circuit’ that 

constitutes the top of the German functional urban hierarchy. Secondly, we have Europe. 14 

European cities rank in the top 20. This is a clear indication that German Advanced Producer 

Services firms are strongly focused on the European space economy. And thirdly, we have the 

emerging markets in Asia: Hong Kong, Singapore, Shanghai and Tokyo. All of them rank in 

the top 20 in terms of the connectivity that is created by intra-firm networks of Advanced 

Producer Services firms. 
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Figure 2: Global connectivity of APS firms.

Figure 3 shows the same situation for High-Tech firms. In contrast to Advanced Producer 

Services, the High-Tech sector seems  to be characterized by many more extra-European 

locations: Shanghai, Singapore, Paris and Sao Paulo are the most connected cities in our 

High-Tech analysis. Again, three macro-regions stand particularly out: East Asia, Eastern 

Europe as well as Central and South America. With Shanghai, Singapore, Tokyo, Seoul, 

Peking, Bangkok and Hong Kong, Asia seems to be clearly the most important economic area 

for High-Tech industries that have at least one location in Germany. With Vienna, Budapest 

and Prague, three East European centres also rank in the top 20. This actually means that 

many High-Tech firms located for example in Vienna have also office locations in Prague and 

Budapest. In this context, Vienna seems to act as a kind of gateway to Eastern Europe, a 

hypothesis that has been cited many times in the context of the Eastern enlargement of the 

European Union. And finally, we have Central and South America. Whereas for Advanced 

Producer Services no South American city appears in the top 20, for High-Tech firms, Sao 

Paulo and Buenos Aires emerge as important locations for German High-Tech enterprises. 
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Figure 3: Global connectivity of High-Tech firms.

As we can see from this global perspective, Advanced Producer Services and High-Tech 

activities have a very uneven and highly concentrated global geography. Such a global 

perspective is quite useful, but it obscures the finer-grained texture of what is actually 

happening on the country level. Therefore, let us now take a closer look at the national scale, 

in order to reveal the functional urban hierarchy within the German space economy. 

6.2 The functional urban hierarchy at the national scale

Within Europe, Germany is by far the biggest economy in global terms: it is the third largest 

manufacturing producer (after the US and Japan), the largest merchandise exporter, the third 

largest commercial services exporter, and the third most important source of foreign direct 

investment (Dicken 2007). However – as Dicken (2007) indicates – for a long period of time, 

Germany’s growth in GDP has been below the world average and it still faces problems in 

integrating the former East Germany into the world economy This leads to a steep functional 

urban hierarchy in the German space economy, in spite of the efforts undertaken by German 

policy makers to provide equivalent social conditions in all sub-regions of Germany. 
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Figure 4: Functional urban hierarchy based on global interlocking networks.

Figure 4 shows the functional urban hierarchy in the German space economy for global

interlocking networks. On the X-axis, there are the top 20 German agglomerations with the 

highest global connectivity. On the Y-axis, the global connectivity values relative to the top 

Functional Urban Area is displayed. These values illustrate how well a Functional Urban Area 

is connected to extra-European destinations such as New York, Tokyo, Sidney etc. The size 

of the circles illustrates the sum of employees and inhabitants and gives us an impression 

about the sheer size of the corresponding agglomeration. The strong concave curve 

progression for both Advanced Producer Services and High-Tech firms indicates a relatively 

steep functional urban hierarchy. In the case of Advanced Producer Services, there is a top 

group of 6 Functional Urban Areas: Frankfurt in the first position, followed by Hamburg, 

Munich, Düsseldorf, Stuttgart and Berlin. In the case of High-Tech firms, there is a top group 

of 4 agglomerations: Munich in the first position, followed by Stuttgart, Hamburg and Berlin. 

Surprisingly, Frankfurt – which is in the first position in Advanced Producer Services 

networks – does not emerge in a top position in the High-Tech sector. 
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Figure 5: Functional urban hierarchy based on national interlocking networks.

Figure 5 shows the same setting for national interlocking networks; i.e. these values illustrate 

how well the top 20 German agglomerations are connected with all other Functional Urban 

Areas in Germany. For Advanced Producer Services, the distinction between the top group 

and the rest of the German agglomerations is not that clear anymore. For High-Tech firms, on 

the other hand, the top locations in Germany are obvious: Munich in the first position, 

followed by Stuttgart, Hamburg and Berlin. 

The main conclusions of these findings are that the functional urban hierarchy in the German 

space economy emerges as a scale-dependent phenomenon, based on the coming together of 

various business networks of different organizational architectures and scalar reach. For High-

Tech firms – whatever spatial scale we are looking at – the top cities in the functional urban 

hierarchy are clear: Munich, Stuttgart, Hamburg and Berlin are at the top.

6.3 The functional urban hierarchy at the regional scale – the case of Rhine-Ruhr

Finally, let us take a closer look at the regional scale, especially at the Rhine-Ruhr region. 

Rhine-Ruhr is one of the world’s largest polycentric city-regions, embracing 30-40 towns and 

cities with a total population of some 10 million people, and with no obvious core city.

Although the Rhine-Ruhr still has a relatively strong industrial base, de-industrialisation is 
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taking place all across the region. However, some cities have been able to offset job losses in

the Ruhr’s industrial sector with new jobs in the emerging knowledge economy. Due to 

several agglomeration advantages, some cities – such as Düsseldorf – have done much better 

in this respect. In the second half of the 20th century, Düsseldorf profited enormously from 

the tertiary sector. Today it is one of the leading centres of the German advertising and 

fashion industry (Knapp and Schmitt 2008). 

Figure 6: Significance of Functional Urban Areas in the Rhine-Ruhr region 

based on Advanced Producer Services and High-Tech networks.

The importance of Düsseldorf can also be seen in Figure 6. It shows the significance of the 

most important Functional Urban Areas in the Rhine-Ruhr for Advanced Producer Services 

and High-Tech firms. In order to get an impression about the relative significance of the 

Functional Urban Areas within the Rhine-Ruhr region, the interlock connectivity for each 

agglomeration is illustrated in relation to the sum of its inhabitants and jobs. The coloured

circle illustrates the connectivity value for the Functional Urban Area; the black ring shows its 

sum of inhabitants and jobs. An outer coloured circle indicates a higher connectivity as 

expected in terms of inhabitants and jobs, representing a surplus of significance. A smaller 

coloured circle, in contrast, indicates a deficiency of significance. 
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For Advanced Producer Services networks, Düsseldorf, Dortmund and Essen are the only 

agglomerations that show a clear surplus of significance. Bochum and Duisburg, on the other 

hand, seem to be less important. For High-Tech networks, Düsseldorf and Essen are the only 

agglomerations having a clear surplus of significance. Dortmund indicates a balanced, 

Duisburg and Bochum – again – a deficiency of significance. These findings give evidence 

that Düsseldorf can be seen as the central gateway of the Rhine-Ruhr region connecting the 

whole area to the global “space of flows” (Castells 2000). Furthermore, it can be seen that the 

mere size of an agglomeration does not automatically correlate with its global significance. 

Köln for example – the fourth biggest city in Germany – is clearly less integrated in global 

networks of the knowledge economy than the smaller city of Düsseldorf. A special case in the 

Rhine-Ruhr region is Bonn, the former capital of Germany. After the German reunification at 

the end of the 1990s, many ministries have been relocated from Bonn to Berlin. Subsequently, 

in spite of many negative prognoses, Bonn has developed quite successfully in economic 

terms, not at least because of the huge amount of subsidies being paid in compensation for the 

loss of the capital status (Knapp et al. 2005). For a long time, this was leading to a surplus of 

significance, as a previous studies confirm (Thierstein et al. 2006; Knapp et al. 2006). 

However, this advance seems to shrink: Figure 6 shows that Bonn indicates now a slight 

deficiency of significance. 

7. Conclusion

The key aim of this paper was to set out a theoretical context and then to empirically 

investigate the functional polycentric patterns and interlocking networks of Advanced 

Producer Services and High-Tech firms in the German space economy. 

In the theoretical part, we have seen that knowledge has become the main source of economic 

development in advanced regions. The often cited binary argument of whether knowledge is 

codified or tacit in nature has been identified as being too narrow to understand knowledge 

creation processes. The growing variety of different knowledge forms – synthetic, analytical 

and symbolic – increasingly forces firms to acquire external knowledge in order to stay 

competitive in the global economy. For this reason, we suggest a definition of the knowledge 

economy that accounts for the strategic importance of knowledge in the innovation process: 

the knowledge economy is this part of the economy, in which highly specialized knowledge 

and skills are strategically combined from different parts of the value chain in order to create 

innovations and to sustain competitive advantage. In order to do this, knowledge-intensive 
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firms establish various forms of intra-firm and extra-firm networks at different geographical 

scales. The organizational architectures of intra-firm networks are converging towards a 

configuration, in which specialized units worldwide were linked into an integrated network of 

operations that enable them to achieve their multidimensional strategic objectives of 

efficiency, responsiveness and innovation (Bartlett and Ghoshal 2002). At the same time, 

these firms are deeply inscribed into wide external networks of suppliers, subcontractors and 

business clients along the value chain. This nexus of intra-firm and extra-firm networks has 

significant impacts on the spatial logic of the knowledge economy. Overall, there is a strong 

awareness on the many economic advantages for firms of being co-located geographically. 

However, other dimensions of proximity – such as relational, organizational, cognitive, social 

and institutional proximity – are also a key in understanding the knowledge creation process 

of firms. This leads to the fact that different business functions have different needs in terms 

of location, so that they tend to develop rather distinctive spatial patterns. Some of them tend 

to be spatially dispersed; others are spatially concentrated with other parts of the value chain. 

Our empirical analysis on the German knowledge economy shows that the growing 

importance of knowledge-intensive activities – and its requirements for high-quality urban 

locations – brings about a spatial concentration of connectivity to only a very few urban areas. 

On the global scale, Asia emerges as an important destination for High-Tech firms located in 

Germany. Advanced Producer Services, in contrast, are strongly focused on the European 

space economy. On the national scale, interlocking networks of the knowledge economy 

create a steep functional urban hierarchy in the German space economy. And on the regional 

scale, we have identified that the mere size of an agglomeration does not automatically 

correlate with its functional significance. All in all, these findings bear a great challenge for 

the German policy goal to create equivalent social conditions in all sub-regions of Germany. 

Whereas these policy principles rest on a normative and territorial logic actual spatial 

development tendencies follow a functional logic, largely driven by market forces. 
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