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Abstract 

We use a large micro-dataset to assess the importance of intangible capital - organisation, R&D and 

ICT capital – for the economic performance of establishments and regions in Germany. In 2003 

self-produced intangible capital accounted for one fifth of the total capital stock of establishments 

with  more  than  10  employees.  More  than  half  of  the  intangible  capital  is  R&D capital.  This  high  

proportion is mainly due to a relatively strong and research-intensive manufacturing sector in Ger-

many. At the regional level, we find descriptive evidence for a close relationship between intangible 

capital and the economic performance of regions. This is true both for the level of economic activi-

ties and for growth. In a sequence of annual cross-sectional regressions for the years from 1999 to 

2003 we try to assess the effects of intangible capital on the productivity (the average wage level) of 

establishments, controlling for other establishment characteristics and the regional economic envi-

ronment. Doubling the intangible capital intensity of establishments increases the average wage 

levels by one percent. Regarding the regional economic environment, we find that the substantial 

net advantages of agglomeration for establishments have more to do with broad knowledge and 

diversity than with regional clustering and specialisation. Separate regressions for the wage levels 

of non-intangible workers show very similar results. These workers can share the rents of the activi-

ties of intangible workers. Thus, intangible capital generates positive externalities not only at the 

regional level, but also at the level of establishments. 
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1 Introduction 

Investment in intangible assets has been shown to be – in addition to tangible assets - an important 

factor in economic growth. The issue is being investigated both at the macro level of nations (Cor-

rado, Hulten, Sichel 2006; Marrano, Haskel 2006; Belhocine 2009) and at the micro level of firms 

(e.g. Lev, Radhakrishnan 2005). At the macro level, intangible investments have reached the same 

magnitude as tangible investments. Ignoring intangibles in national accounts implies an underesti-

mation of labour productivity growth by 10 to 20 percent.1 At the micro level, organisational capi-

tal, as a major part of intangibles, contributes significantly to the market value of firms, even though 

the value of organisation capital is not fully priced at the stock market (Lev, Radhakrishnan 2005).  

 

The present paper claims that our understanding of the role of intangible capital can be enhanced by 

adopting a regional (or spatial) perspective. In terms of empirical analysis, two different aspects can 

be distinguished: 

 regionalisation of data can provide additional information on the character and the dynamics 

of the growth and innovation process, 

 incorporating the industrial environment of firms in the analysis is likely to unveil localised 

spillovers (social returns) of firms’ investments in intangible capital. 

 

Intangible capital essentially arises from the various forms of organisational and technological 

knowledge. Therefore, taking a regional perspective on intangibles is equivalent to looking at the 

spatial distribution of knowledge-intensive activities. Advantages of co-location induce these activi-

ties to agglomerate in space (Malecki 2010), and as a consequence wages and productivity are sub-

stantially higher in dense areas than in non-agglomerated regions (e.g. Glaeser, Maré 2001; 

Combes, Duranton, Gobillon 2004; Head and Mayer 2004; Rosenthal and Strange 2004). Agglom-

eration economies can be categorised as the result of sharing, matching and learning processes 

(Combes, Duranton and Overman 2005). The learning channel in the transmission of agglomeration 

effects is important because intellectual assets are not the exclusive property of their original hold-

ers, rather they partly spill over to other – nearby – firms and workers (Jaffe et al. 1993; Audretsch, 

Feldman 1996). This leads to increasing returns on intellectual assets at regional and national levels 

(Rauch 1993; Glaeser, Mare 2001; Moretti 2004; Berry, Glaeser 2005; Yankow 2006). To the ex-

tent that geographical proximity, clustering and agglomeration contribute to innovation and produc-

                                                
1 To some degree, intangible investments are already included in the official systems of national accounts. This applies, 
for instance, to software, licences and property rights. But these components represent only a small fraction of all intan-
gible assets accumulated in a firm or a whole economy (Corrado, Hulten, Sichel 2006, 40).  
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tivity, the locational patterns of the economy may be seen as one of the strategic factors in promot-

ing growth, employment and competitiveness of the European Union. In this sense, agglomeration 

is itself part of the intangible capital of an economy. In fact, there appears to be a strong positive 

connection between the degree of urbanisation and the income level of countries (Bertinelli, Strobl 

2007; Glaeser, Gottlieb 2009, 1016), even though this relationship might be non-linear (Brülhart, 

Sbergami 2009).  

 

In the present study we use a large micro dataset for Germany, first, to quantify intangible capital at 

the level of individual establishments, second, to explore the role of intangible capital for the eco-

nomic performance of establishments and regions, third, to analyse whether there is indeed a con-

nection between the productivity of individual establishments and the amount of intangible capital 

in the rest of the regional economy. If the latter were the case it would be an indication of local ex-

ternalities. Our findings suggest that there are significant positive relationships between intangible 

capital, firm productivity and regional economic performance and that localised spillovers play a 

role in these processes. 

 

The rest of the paper is organised as follows: Section 2 describes the data base, the measures of in-

tangible capital, the regional concept and the approach chosen to evaluate the relation between es-

tablishments and their industrial environment. Section 3 presents descriptive results on the regional 

distribution of intangible assets, technology and innovative activities in Germany for the period 

from 1999 to 2003. Geographical correlations are used to illustrate connections between intangible 

capital and the economic performance of regions. Section 4 provides estimates of the determining 

factors of the wage levels of individual establishments and assesses agglomeration effects and local-

ised spillovers. Section 5 summarises. 

 

2 Data, measurement and estimation  

The database used for this analysis has been constructed as a combination of LEED data from the 

employment statistics with Regional Accounts and EUKLEMS data for Germany. The dataset 

 offers information on, e.g., employment, wages, tangible and intangible capital, output, val-

ue added, 

 covers the period from 1999 to 2003, 

 comprises around 1.5 million establishments per year with around 20 million employees, 

 allocates establishments to three-digit industries (NACE rev.1) and 92 planning regions 
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While this dataset - at its final stage - is large and rather comprehensive in terms of economic varia-

bles (Görzig 2010), there are also some significant limitations. We have data on establishments but 

not on individual workers and we lack detailed information on the educational or occupational 

structure of establishments. Furthermore, we would have liked to base the analysis on a longer time 

series. Our period is not only short, it also goes from a peak to a trough of a business cycle. There-

fore, we have to be cautious with regard to cyclical distortions of results. 

 

In their seminal paper, Corrado, Hulten and Sichel (2006, 9) call for a “… symmetric treatment of 

all types of capital …”, and this symmetry “… requires that most business expenditures aimed at 

enhancing the value of a firm and improving its products, including human capital development as 

well as R&D, be accorded the same treatment as tangible capital in national accounting systems.” In 

principle, we follow this expenditure based approach here, but with our micro data we are restricted 

to own-account intangibles, i.e., we cannot include purchased intangible assets in the analysis. The 

calculation of stocks of intangible capital is done in three steps: first, we identify employees who –

 by virtue of their education and occupation – are likely to create intangible assets, second, we cal-

culate labour costs for these employees and other expenditures related to their work, third, we de-

termine cost shares that constitute self-production of intangible assets and then capitalise these as-

sets to receive stocks of capital (for details see Görzig, Piekkola, Riley 2010). As a result we have 

three categories of intangible capital: organisational (ORG) capital (derived from management and 

marketing activities), ICT capital and R&D capital. 

 

The regional dimension of the analysis is based on the concept of Planning Regions which can be 

viewed as approximations of self-contained regional labour markets. Germany is subdivided into 97 

Planning Regions each of which consists of one or more NUTS-3 units. The three city states Berlin, 

Hamburg and Bremen have to be integrated with the surrounding regions to receive functional 

units. This leaves us with 92 regions. On average, these regions have a population of 896 000 and 

the distribution is spread from 150 000 to a maximum of 5.1 million (Table 1). A possible alterna-

tive to this choice of areas of observation are NUTS-2 regions which are much larger than Planning 

Regions. The advantage would be that additional data on education, human capital and technology 

from EU statistics which are broken down no further than to the NUTS-2 level could be used in the 

analysis. But, at least in the German case, this geographical concept is of very limited use for eco-

nomic analyses. NUTS-2 regions in Germany are purely administrative areas with little relation to 

socio-economic linkages.  
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Table 1 

Regional units of observation 

 

 

In order to control for the settlement structure of locations in the econometric analysis, we charac-

terize the Planning regions by employment density (per sqkm) and classify them according to their 

settlement type: 

 (1) large metro areas with core cities > 500 000 inhabitants 

 (2) small metro areas with core cities of 200 000 – 500 000 inhabitants 

 (3) intermediate regions with population density > 150 per sqkm 

 (4) rural regions with population density <= 150 per sqkm 

 

In our attempt to assess local externalities, we use average wages of establishments as dependent 

variable and establishment, industry and regional characteristics as independent variables. We esti-

mate the equation  

 

 

where the Xi are establishment features (employment, intangible and tangible capital intensity), the 

Rij describe the industrial environment of establishments (same-industry number of establishments 

and same-industry intangible capital in the region, other-industry intangible capital, industrial diver-

sity,  employment density and settlement type of the region),  Ind are three-digit industry dummies 

and Fij, in the experiments with fixed-effects, are establishment-location fixed effects. Some more 

details, estimation issues and limitations of the analysis are discussed together with the presentation 

of results in section 4. 

 

3 Regional distribution of intangible capital and its components 

In this section, we first describe the distribution of own-account intangible capital across establish-

ments, industries and regions. Even if the focus in this paper is on the regional perspective, infor-

mean minimum maximum

Planning Regions 92  896     149    5 099    
NUTS-2 regions 39 2 112     512    5 255    

DIW Berlin 2010

Population 2001 (1 000)Number
of regionsType of regions

ln ln ln [ ]w X R Ind Fi i ij ij ij
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mation on establishments and industries is helpful in interpreting the results. Second, we show how 

intangible capital correlates with economic performance of regions. 

 

Establishments 

On average, the share of own-account intangible capital in total capital of establishments was 11 

percent in 2003. But the distribution is very uneven. More than half of the establishments have no 

intangible capital at all, and just under 30 percent of the establishments show shares of up to 25 

percent (Figure 1).  

 

Figure 1 

Share of own-account intangible capital in total capital 2003 

 
 

These figures are based on the entirety of around 1.5 million German establishments with at least 

one employee who was subject to social insurance in 2003.2 When we restrict the analysis to larger 

establishments - with 10 and more employees - the pattern changes drastically. The average share of 

intangible capital in total capital among the larger establishments is 20 percent, and the majority of 

these establishments range between zero and 25 percent. Obviously, there is a significant size effect 

in the distribution of own-account intangible capital. But this does not necessarily mean that the use 

of intangibles is distributed in the same way. For many small firms, the only own-account intangi-

                                                
2 Agriculture, mining, public administration, education and household activities are not included in the analysis. 

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; EU KLEMS;
own calculations.

DIW Berlin 2010
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ble  capital  is  that  represented  by  the  owners.3 But whenever specific knowledge is needed, these 

firms can purchase intangible assets on the market, in particular if “thick” local markets and net-

works exist (Bellandi 1989; Markusen 1996). And in the case of multi-plant firms, small subsidiar-

ies can often resort to the resources of larger units or to corporate headquarters (Duranton, Puga 

2005; Aarland et al. 2006). Altogether, own-account intangible capital constitutes a considerable 

part of total capital at the micro-level, even though its relative importance does not reach the weight 

found for intangibles at the macro-level (Corrado, Hulten, Sichel 2006).  

 

Industries 

The role of intangibles differs substantially between the various sectors of the economy. With 18 

Euros per hour worked, the intangible capital intensity is highest in the goods-producing sector 

(manufacturing, energy and water supply, construction). This is largely due to the R&D activities in 

this sector, in particular manufacturing. R&D capital accounts for more than three quarters of total 

intangible capital in the production sector.  

 

In the transport and business services sector (transport and communication, finance, renting and 

business activities, consulting) the intangible capital intensity was 14 Euros in 2003.4 The relative 

importance of R&D capital is much lower here than in the production sector, but with a share of 46 

percent it is still the dominant component of intangible capital. ICT capital amounts to more than 

one fifth of total intangible capital in transport and business services; this is a much higher propor-

tion than in the two other sectors. Quite a number of industries in transport and business services are 

highly innovative and R&D intensive, e.g., telecommunications, software development, engineer-

ing. In some cases production personnel is made up of almost one hundred percent R&D workers 

(software development is done by software developers). Firms in these industries provide new tech-

nological solutions for their customers, i.e., they create intangible assets not only for their own use 

but also – and primarily – for other firms and industries. The same applies to consultancy firms that 

develop and sell new organisational and ICT solutions.5  

 

                                                
3 Intangible assets that might be generated by active owners of firms are not considered here. 
4 Real estate activities are excluded from the analysis. 
5 Since we cannot distinguish statistically between the two purposes of use, we have to accept a certain inconsistency in 
our analysis. Generally, we capture own-account intangible investment of establishments, but for some industries we 
cannot completely separate expenditures for own-account investment from expenditures for the development of new 
ideas and concepts for customers. In the econometric analysis in section 4, we check the sensitivity of results to this 
inconsistency. 
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Figure 2 

Sectoral distribution of intangible capital and its components 2003 

 

Production sector: NACE D-F; Transport and business services: NACE I-K (excl. 70); 
Trade and consumer services: NACE G, H, N, O.
Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; EU KLEMS;
ow n calculations.

DIW Berlin 2010
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Intangible capital intensity in the sector trade and consumer services (wholesale and retail trade, hotels 

and restaurants, health and social work, other service activities) is only a small fraction of the values for 

the two other sectors (5 Euros). Similar to transport and business services, but quantitatively less 

important, some industries in trade and consumer services provide organisational or ICT advice to 

customers which we cannot clearly separate from own-account investment in ORG or ICT capital in 

these industries. Examples are business and membership organisations. 

 

Regions 

Intangible capital is highly concentrated in a few centres. The two maps show the geographical 

structure of the German economy. More than one quarter of the whole intangible capital is being 

accumulated by establishments in just four metropolitan areas in the South and West of the country 

(Map 1). Two other large metropolitan areas – Hamburg in the North and Berlin in the East - also 

hold relatively high shares in national intangible capital. These areas are more or less specialised 

economically. Two extreme cases are Stuttgart as a centre of technology-intensive manufacturing, 

and thus R&D capital, and Berlin with a focus on consumer services, and thus ORG capital.  

 

Regions with high absolute stocks of intangible capital also tend to show high intangible capital 

intensities, but the spatial hierarchy of intensities is less clear (Map 2). Many small metro areas and 

intermediate regions have been able to attract relatively high amounts of ICT and R&D capital. 

Most of these regions feature at least one of the following characteristics: headquarters and large-

scale production in technology-based manufacturing, a high-level technical university and good 

accessibility. Overall, there exists a considerable positive relation between intangible capital inten-

sity and employment density of regions (with R2=0.38). 

 

One of the most striking characteristics of the spatial distribution of intangible capital in Germany is 

the gap between the West and the East. Even twenty years after unification and transition to a mar-

ket economy, almost all eastern regions lag far behind the western regions in terms of intangible 

capital intensity. The only exceptions are Berlin and Dresden, and even these two regions are below 

the German average. One reason for the deficit of intangible capital in eastern Germany is the low 

share of (technology-intensive) manufacturing there. After the massive deindustrialisation in the 

1990s, the eastern manufacturing sector has been expanding, but its weight is still relatively low  
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Map 1 

Shares of regions in national intangible capital 2003 (%) 

 
 

Map 2 

Intangible capital per hour worked 2003 (Euro) 
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compared to the West. Another factor lies in the structure of economic activities. Many establish-

ments in East Germany are mere assembling operations or subsidiaries. Such units normally do not 

accumulate much intangible capital, they rather rely on the resources of corporate headquarters (see 

sub-section “Establishments”). 

 

Geographical correlations 

The regional distributions of the different kinds of intangible capital are not independent of each 

other. Regions that attract one component of intangible capital tend to concomitantly attract other 

components. This geographical correlation is highest between ORG capital intensity and ICT capi-

tal intensity (R2=0.79)  but  also  significant  between  ORG  capital  and  R&D  capital  (R2=0.58) and 

between  ICT  and  R&D  (R2=0.52).6 The regional coincidence of different types of intangibles is 

consistent with the pattern of spatial concentration of intangible capital. As a whole, intangible capi-

tal is significantly more concentrated than tangible capital, and ORG and ICT capital are more con-

centrated than R&D capital.7 

 

To some extent, the connections between the different categories of intangible capital at the region-

al level might be the result of industrial specialisation of regions, i.e., industries that are intensive in 

multiple intangibles might account for high employment shares in specific types of regions, and 

vice versa. This would show up then in a correlation between categories of intangibles at the re-

gional level. But for the most part, the geographical correlations between the three kinds of intangi-

ble capital, in particular between ORG capital and ICT capital, arise from co-location of establish-

ments and industries that are each intensive in one type of intangibles. At the levels of establish-

ments and industries, we observe some positive relationship between ORG capital and R&D capital 

(R2=0.12 and 0.30 respectively), but in general establishments and industries are intensive in either 

one or another type of intangibles. These results, together with the geographical correlation de-

scribed above, suggest that establishments with specialisations in different intangibles tend to co-

locate - and possibly cooperate.  

 

For one component of intangible capital, R&D capital, we can directly explore the connection be-

tween input and output at the regional level. There is a close geographical correlation between in-

novation input in 1999 - measured by R&D capital - and subsequent innovation output from 1999 to 
                                                
6 R2s from single regressions with logarithms. 
7 Spatial concentration is measured as the sum of squared shares of regions in the respective national values. If all activ-
ities were concentrated in only one region, the index would be 1; if the activities were distributed evenly across regions, 
the index would be close to 0 (1/92=0.01). For 2003, the index takes the values of 0.0236 for tangible capital, 0.0306 
for total intangible capital, 0.0344 for ORG capital, 0.0279 for R&D capital and 0.0443 for ICT capital. 
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2003 – measured by patents (R2=0.61) (Figure 3). The correlation appears to be much stronger 

among regions  with  low or  medium levels  of  R&D capital,  but  this  is  due  to  a  few outliers  (e.g.  

Munich)  and  may,  at  least  partly,  result  from  problems  with  the  correct  regionalisation  of  patent  

information.  

 

Conversely, if a close connection between innovation input and innovation output of regions is tak-

en as a given fact (Uppenberg 2009), the geographical correlation found here confirms that our 

measure of R&D capital is a valid indicator of innovation input (and patents are an appropriate indi-

cator of innovation output).  

 

Figure 3 

R&D capital and patents 

 

 

For the two other components of intangible capital, ORG and ICT capital, we cannot show connec-

tions between capital stock (usage) and outcome. But we can relate the overall intangible capital of 

regions to their economic performance. We find a very close positive correlation between intangible 

capital intensity and productivity of regions (R2=0.80) (Figure 4).  

 

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; 
EU KLEMS; ow n calculations.

DIW Berlin 2010
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Figure 4 

Intangible capital and economic performance of regions 

 
 

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; 
EU KLEMS; ow n calculations.

DIW Berlin 2010
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Even if a single regression does not tell us much about causality, intangible capital appears to be a 

firm basis of regional economic performance. And this is not only true for the level of productivity 

but also for economic growth. The increase of regional value added from 1999 to 2003 is positively 

related to the intangible capital intensity of regions in 1999 (R2=0.23).  

 

4 Productivity of establishments, agglomeration effects and localised spillovers 

The descriptive analysis in section 3 has provided information on the distribution of intangible capi-

tal across establishments, industries and regions and has indicated the importance of intangibles for 

the economic performance of regions. We now turn to the analysis of the effects of intangible capi-

tal on the productivity (wages) of establishments, controlling for other establishment characteristics 

and the regional economic environment of each establishment. In order to keep the estimations trac-

table, we randomly reduce our sample to around one tenth of its original size and then drop all es-

tablishments with less than 10 employees or an output of less than one million Euros.8 The resulting 

estimating sample comprises around 30 000 observations (establishments) per year. 

 

Cross-sectional regressions 

We start with sequences of annual cross-sectional regressions for the years from 1999 to 2003. The 

dependant variable in this analysis is the average hourly wage of establishments as an indicator for 

labour productivity.9 On the right hand side we include variables that capture the well known facts 

that larger establishments pay higher wages than small ones, capital intensive establishments pay 

higher wages than labour intensive ones, and establishments in dense urban areas pay higher wages 

than those in rural regions. In detail, the explanatory variables are establishment size (number of 

employees), intangible capital intensity, tangible capital intensity, 3-digit industry classification, 

and settlement type/employment density of locations. In additional regressions, the latter variable is 

replaced by specific variables that characterise the economic environment of establishments: num-

ber of own-industry establishments, own-industry intangible capital intensity, regional economic 

diversity, other-industry intangible capital intensity.10 

 

                                                
8 Most of the small establishments have no or very little own-account intangible capital (see section 3). 
9 Using wages instead of labour productivity as dependant variable allows a direct comparison of estimates for the aver-
age wage level of establishments and for the wages of employees who are not involved in the production of intangible 
capital. 
10 We experimented with a number of other regional variables, e.g., patents per capita, existence and size of universities, 
but these variables are highly collinear with the agglomeration variables. 
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The average wage level of establishments is largely determined by their industrial affiliation. In-

cluding 3-digit industry dummies in the regressions raises the R2s from around 0.20 to around 0.60. 

Also important is the East dummy, indicating that even twenty years after reunification there is still 

a considerable wage gap between West and East Germany. Taking account of this gap increases the 

R2s to around 0.70. The other results of the first sequence of cross-sectional regressions are shown 

in Figure 5. All coefficients are highly significant. Doubling the intangible capital intensity of estab-

lishments - which ranges from zero to a maximum of more than 3 000 Euros per hour worked - in-

creases the average wage levels by one percent. The same elasticity applies to the size of establish-

ments (measured by employment). Tangible capital intensity pushes up wages even more than in-

tangible capital intensity. The coefficient varies between 0.04 and 0.05 (see also the notes to Figure 

5).11 

 

The average wage level of an establishment is also connected to the industrial environment of estab-

lishments. The usual summary measure of this environment is density (regional employment per 

square kilometre). Theory and numerous empirical analyses suggest that productivity and wages are 

positively related to density, and most studies find elasticities of wages with respect to density be-

tween 2 and 6 percent (Ciccone, Hall 1996; Ciccone 2002; Rice, Venables 2004; Combes et al. 

2008; Puga 2010). Our estimates are at the upper bound of this range. In the Figure 5 we report re-

sults for a somewhat more detailed specification of density. Controlling for establishment and in-

dustry characteristics, we find that establishments in large metropolitan areas pay 12 percent more 

than those located in rural regions and about 9 percent more than establishments in small metropoli-

tan areas or intermediate regions. This result is consistent with other estimates on the “urban wage 

premium” (Glaeser, Maré 2001; Yankow 2006).  

 

In order to describe in more detail the agglomeration effects and to explore the potential role of in-

tangible capital in these processes, we replace in our regressions the summary measures of agglom-

eration (density and settlement type) by specific underlying features of the spatial concentration of 

economic activities. Economies of agglomeration can arise from spatial clustering of specific indus-

tries, leading to localisation economies, and/or from co-location of diverse industries, leading to 

urbanisation economies. In addition to this sectoral dimension we have to consider a functional di-

mension, i.e., the spatial sorting of specific economic activities, irrespective of their industrial clas-

sification. Wight collar jobs and highly qualified employees tend to concentrate in space, constitut-

ing a hierarchy of knowledge - and thus intangible capital - with large cites and metropolitan areas 
                                                
11 Results are essentially the same when we exclude industries that create intangible assets not only for their own use 
but also – and primarily – for other firms and industries (see section 3). 
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at the top and rural regions at the bottom (Duranton, Puga 2005; Markusen, Schrock 2006). The 

spatial concentration of intangible capital in Germany described in section 3 is consistent with such 

a hierarchical pattern. In the following cross-sectional regressions we try to find indications for po-

tential effects of localisation, urbanisation and regional intangible capital on the wage level of indi-

vidual establishments.  

 

The localisation variable is specified as the number of other own-industry establishments in the re-

gion. This choice (see also Henderson 2003) is based on the assumption that each unit, irrespective 

of its size, is a potential source of industry-specific externalities, e.g., the intentional or unintention-

al exchange of ideas or the sharing of inputs. Urbanisation is measured with an index of diversity  

 

= 1
2

 

 

where the summation is over the squared differences between the employment shares of industry i 

in region j and in the national economy.12 Regional intangible capital in the own industry and in the 

rest of the regional economy is measured in terms of intensities (per hour worked). 

 

The results suggest that on average establishments do not benefit much from industry-specific ex-

ternalities at their location. The coefficient on the number of other own-industry establishments is 

highly significant but rather low at around 0.006. The effect of own-industry intangible capital in-

tensity in the region is even weaker and in some years not significant (Figure 6). In contrast, we find 

strong indications for urbanisation economies. There is a clear positive relation between the indus-

trial diversity of a region and the average wage level of establishments located there. By far the 

most important factor is regional intangible capital. Doubling the intangible capital intensity of a 

regional economy (outside the own industry) increases the average wage of an establishment there 

by around 9 percent. Part of this high elasticity is probably due to unobserved differences in the 

internal structure of establishments. Workers with high observed and unobserved skills tend to grav-

itate to metropolitan areas, raising the wage levels there (Borjas et al. 1992). For an in-depth study 

of the effects of spatial sorting on regional wages see Combes et al. 2008. 

 

Figure 5 

                                                
12 In both cases, localisation and urbanisation, the estimates are not very sensitive to the specification of variables. Us-
ing own-industry employment instead of the number of establishments and an inverse Herfindahl index instead of our 
inverse specialisation index does not substantially change the results.  
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Coefficients from OLS cross-sectional estimations I 

 

Dependant variable: average hourly w age of establishments; all variables in logarithms; 
R2 betw een 0.66 and 0.73; N ~ 30 000; all coeff icients significant at the 1-percent level; robust 
standard errors.
East dummy (betw een -0.224 and -0.246) and 3-digit industry dummies not reported..
Due to diff iculties in determining an initial stock of tangible capital, the values for 1999, and to  
some extend for 2000, are less reliable. Therefore, w e do not display the implausibly high 
coeff icient for 1999. In an estimate w ithout tangible capital, the other coefficients are 
qualitatively the same - except for the coeff icient on employment w hich is significantly higher 
then, particularly for the year 1999.

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; 
EU KLEMS; ow n calculations.

DIW Berlin 2010
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Figure 6 

Coefficients from OLS cross-sectional estimations II 

 

Dependant variable: average hourly w age of establishments; all variables in logarithms; 
R2 betw een 0.67 and 0.73; N ~ 30 000; all coeff icients except for ow n-industry intangible capital 
intensity significant at the 1-percent level; robust standard errors.
East dummy (betw een -0.170 and -0.200) and 3-digit industry dummies not reported..
Due to diff iculties in determining an initial stock of tangible capital, the values for 1999, and to 
some extend for 2000, less reliable. Therefore, w e do not display the implausibly high 
coeff icient for 1999. In an estimate w ithout tangible capital, the other coefficients are 
qualitatively the same - except for the coeff icient on employment w hich is significantly higher 
then, particularly for the year 1999.

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; 
EU KLEMS; ow n calculations.
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A much discussed issue in the estimation of localised spillovers is the geographical extent of those 

externalities. If establishments in one region also benefit from activities in neighbouring regions, 

our estimates on the economic environment of the own region are biased upwards. The potential 

relevance of such a bias depends on the definition of regions. With our concept of functional plan-

ning regions we can be confident that the bulk of spillovers are internal. On average, these regions 

have a population of 900 000 and extent over an area of almost 4 000 square kilometres (section 2). 

A stylised fact of empirical research in this field is that externalities are subject to a steep decay 

with distance. Most studies identify ranges of well below 100 kilometres (e.g. Rosenthal, Strange 

2003; Henderson 2003; Duranton, Overman 2005; Graham 2008) and only a few find evidence for 

somewhat more extensive externalities (Rodriguez-Pose, Crescenzi 2008). 

 

Of course, with cross-sectional regressions we cannot directly identify localised spillovers and the 

channels  of  their  transmission.  But  our  results  strongly  support  the  notion  that  net  advantages  of  

agglomeration have more to do with knowledge and diversity than with clustering and specialisa-

tion. This does not necessarily apply to all sectors of the economy in the same way. Some empirical 

studies find evidence for localisation economies in manufacturing (Moomaw 1998; Henderson 

2003). In many service industries and in experimental manufacturing activities, however, ad-

vantages of agglomeration are not only stronger than in standard manufacturing, they are also clear-

ly dominated by urbanisation effects (Duranton, Puga 2001; Dekle 2002, van Soest et al. 2006; 

Graham 2008). And obviously, knowledge - intangible capital – is at the centre of these processes. 

 

One of the caveats that can be raised against our findings is that they might, at least to some extent, 

be tautological. Since we measure intangible capital on the basis of expenditures for high-skilled 

workers, it appears natural that intangible capital intensive establishments show high average wag-

es.  But such a tautology is not driving our results.  Figure 7 shows the coefficients of a regression 

with the average hourly wage of non-intangible workers as the dependent variable. The picture is 

very much the same as for all workers. Non-intangible wages are positively related to the tangible 

and intangible capital intensity and the size of establishments. The agglomeration effect is captured 

here in a summary way, by employment density.  

 

The  similarity  of  estimates  for  all  employees  and  for  non-intangible  workers  might  in  part  be  the  

result  of  differences  in  the  skill  composition  of  non-intangible  workers  across  types  of  establish-

ments.  Apart  from this kind of selectivity there are several  mechanisms that can relate wages and 

productivity of low-skilled workers to the presence of high-skilled workers in an establishment. One 



 20

is the spillover of knowledge through cooperation of the two groups. Another, and perhaps more 

important, channel is the complementarity or interdependence between the two groups. If the inno-

vative activities of high-skilled workers enable low-skilled workers to use more efficient processes 

or produce better products, the latter become more productive, even without improving their skills 

(Acemoglu 1996). They share the rents of innovation. Thus, intangible capital generates positive 

externalities not only at the regional level, but also at the level of establishments. 

 

Figure 7 

Coefficients from OLS cross-sectional estimations III 

 
 

Alternative estimation methods 

Our sequences of cross-sectional regressions produce stable coefficients over time and provide val-

uable information about the determinants of the average wage levels of establishments. However, 

OLS estimates can be more or less biased due to unobserved characteristics and selectivity. Fur-

thermore, endogeneity and the direction of causality are serious questions that cannot be answered 

Dependant variable: average hourly w age of non-intangible w orkers of establishments; all
variables in logarithms; R2 betw een 0.63 and 0.70; N ~ 30 000; all coefficients signif icant at the 
1-percent level; robust standard errors. East dummy (betw een -0.189 and -0.216) and 
3-digit industry dummies not reported.
Due to diff iculties in determining an initial stock of tangible capital, the values for 1999, and to  
some extend for 2000, are less reliable. Therefore, w e do not display the implausibly high 
coeff icient for 1999. In an estimate w ithout tangible capital, the other coefficients are 
qualitatively the same - except for the coeff icient on employment w hich is significantly higher 
then, particularly for the year 1999.

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; 
EU KLEMS; ow n calculations.
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satisfyingly in OLS estimation. Hence, we would have liked to tackle these issues by using other 

estimation techniques, but with our panel over just 5 consecutive years the scope for alternative 

approaches is extremely limited. Instrumental variable estimation is not possible because we have 

no valid external (historical) instruments available, and experiments with GMM estimation with 

internal instruments (lagged variables) did not produce meaningful results. Given our short period 

of annual data, lagging variables may not be an appropriate strategy to avoid endogeneity anyway. 

 

A practical way to cope with unobserved characteristics is fixed-effects estimation. But the precon-

dition for the efficient use of these methods is enough time variation in the variables. In our case, 

the variables capturing the industrial environment of establishments, e.g., density, diversity or re-

gional intangible capital intensity, do not change much from year to year. And many establishments 

show little time variation in their own characteristics like employment or average wage. The prob-

lems are illustrated in Figure 8 where the results of a fixed-effects estimation are displayed.  

 

Figure 8 

Coefficients from fixed-effects estimation 

 
 

Dependant variable: average hourly w age of establishments; all variables in logarithms; 
R2 w ithin:  0.46, betw een: 0.08; N = 150 471; all coeff icients significant at the 1-percent level.
Time-industry dummies not reported.

Sources: Employment statistics of the Federal Agency for Labour; Regional Accounts; 
EU KLEMS; ow n calculations.
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Coefficients on tangible capital and, in particular, on intangible capital are statistically significant 

but rather low, and the coefficient on establishment size (employment) is even negative. On the 

other hand, the coefficient on density as a summary measure of agglomeration is unbelievably high. 

Coefficients on more detailed measures of the industrial environment of establishments (not dis-

played) are completely implausible. 

 

5 Conclusions 

We use a large micro-dataset to assess the importance of intangible capital - organisation, R&D and 

ICT capital – for the economic performance of establishments and regions in Germany. In 2003 

self-produced intangible capital accounted for 11 percent of the total capital stock of German estab-

lishments. For the larger establishments – those with more than 10 employees – this share was 20 

percent. More than half of the intangible capital is R&D capital. This high proportion is mainly due 

to a relatively strong and research-intensive manufacturing sector in Germany, but even in the ser-

vice industries the share of R&D capital averages more than 40 percent. 

 

Intangibles are considerably more concentrated geographically than the economic activities as a 

whole. More than one quarter of the capital stock has been accumulated by establishments in just 

four metropolitan areas in the South and West of the country. We find descriptive evidence for a 

close relationship between intangible capital and the economic performance of regions. This is true 

both for the level of economic activities and – to a lesser extent – for growth. 

 

In a sequence of annual cross-sectional regressions for the years from 1999 to 2003 we try to assess 

the effects of intangible capital on the productivity (the average wage level) of establishments, con-

trolling for other establishment characteristics and the regional economic environment. Doubling 

the intangible capital intensity of establishments - which ranges from zero to a maximum of more 

than 3 000 Euros per hour worked - increases the average wage levels by one percent. The same 

elasticity applies to the size of establishments. Tangible capital intensity pushes up wages even 

more than intangible capital intensity. Establishments in large metropolitan areas pay 12 percent 

more than those located in rural regions and about 9 percent more than establishments in small met-

ropolitan areas or intermediate regions. This result is consistent with the empirical literature on the 

“urban wage premium”. Looking at the effects of the economic environment in more detail, we find 

that net advantages of agglomeration for establishments have more to do with broad knowledge and 

diversity than with regional clustering and specialisation. Separate regressions for the wage levels 
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of non-intangible workers show very similar results. These workers can share the rents of the activi-

ties of intangible workers. Thus, intangible capital generates positive externalities not only at the 

regional level, but also at the level of establishments. 

 

One cautionary remark has to be made: all our estimates must be interpreted with the usual reserva-

tions towards OLS cross-sectional regressions. With our short period of observation – from 1999 to 

2003 - and little time variation in many variables, we cannot really tackle estimation issues connect-

ed with unobserved characteristics and endogeneity. This is a task for future research based on more 

extended periods. In such a context it could also be possible to widen the perspective from contem-

poraneous to lagged effects and from static to dynamic effects. 
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