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Abstract: Agglomeration economies are sought with stochastic frontier method-
ology to analyse their role in the extraordinary productivity growth of the knowl-
edge-intensive information and communication technology (ICT) equipment 
industry in Finland. Results suggest that the method, though imprecise, is useful 
for identifying developments in agglomeration economies. The main empirical 
result is that the highly increasing scale elasticities (i.e., relative to firm size) 
found in the sector are more industry and firm size related, than location related 
external economies of scale. Policy-wise, there are two neglected concerns: (i) 
Agglomeration economies have weakened with the industry life cycle, and the 
maturing of the underlying technology towards mass production is well under 
way in the industry, with R&D saving and labour using technical change. (ii) The 
deployment of R&D subsidies as instruments of regional policy may harm long 
term competitiveness in dispersing innovation intensive activities to low spillover 
areas and by disrupting the creation of persistent location-specific advantages. 

Key words: Agglomeration, productivity, scale, technical change, efficiency 

Tiivistelmä: Agglomeraatio-, eli kasaantumis- tai kaupungistumisetujen osuutta 
tietointensiivisten tieto- ja viestintäteknologioiden (ICT) poikkeuksellisessa tuot-
tavuuskasvussa tutkitaan stokastisella eturintamametodologialla suomalaisella 
yritys- ja toimipaikka-aineistoilla vuosilta 1990–2003. Tulokset osoittavat, että 
metodi, vaikkakin epätarkka, on hyödyllinen tunnistamaan kehityssuuntia kau-
pungistumiseduissa. Lisäksi kyseisen sektorin korkeat ja kasvavat skaalatuotot 
liittyvät enemmän toimialaan ja yrityskokoon kuin lokalisaatioon liittyviin ulkoi-
siin skaalaetuihin. Innovaatiopolitiikkaimplikaatioiden osalta tulokset nostavat 
esiin kaksi puutteellisesti huomioitua näkökohtaa: (i) Toimialan elinkaaren kehi-
tyksen myötä ICT-teknologioiden kypsyminen massatuotantoon on hyvässä 
vauhdissa, mihin liittyy kaupungistumisetujen heikentyminen sekä T&K:ta sääs-
tävä ja työtä entistä enemmän kysyvä tekninen kehitys heikentäen T&K:n tuotta-
vuusvaikutuksia; (ii) Kaupungistumisetujen vahvuudesta riippumatta T&K 
tukien käyttö aluepoliittisina instrumentteina voi haitata toimialan kilpailukykyä 
hajauttaessaan innovaatiotoimintaa alhaisten ulkoisvaikutusten alueille ja heiken-
täessään pitkäkestoisten paikkaan liittyvien tuottavuutta ja innovatiivisuutta edis-
tävien etujen vahvistumista kansainvälisesti kilpailukykyisissä klustereissa. 

Asiasanat: Agglomeraatioedut, tuottavuus, tekninen tehokkuus, tekninen 
kehitys, ulkoiset ja sisäiset skaalatuotot
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1. Introduction 

Literature on agglomeration forces awards them a significant role in innovation 
and technological diffusion, as well as the potential to create permanent innova-
tion advantages in specific locations, linking knowledge accumulation, foreign 
investment and productivity growth. Information and communications technol-
ogy (ICT) is globally a key cluster industry that has contributed tremendously to 
productivity growth, both through technical progress within the industry, as well 
as among the users of its products in other industries. In Finland, it has by far 
outperformed all other industries in productivity growth, and policy-makers have 
been keen to extend its investment to lagging areas for enhanced regional equal-
ity and cohesion.  

Despite the extant literature on R&D, agglomeration, FDI, productivity growth, 
technology frontiers, technological progress and technical efficiency, there are 
few papers that combine these aspects to study the impact of different types of 
locations on firm level technical efficiency and technological progress, particu-
larly in industries that enjoy rapid technological progress, such as the ICT indus-
try. This neglect of the efficiency aspect in high-tech industries may be due to the 
fact that technical efficiency is typically associated with cost competing mature 
industries operating in capital-intensive, investment driven regimes. At least in 
Finland, the expansion of the ICT industry has been regarded as a step higher in 
the evolution ladder of economies from low value-added mass production to an 
R&D innovation driven regime.

Efficiency considerations will, however, no doubt gain importance even in highly 
innovative R&D intensive high-tech industries as industries evolve and technolo-
gies mature. Recent developments in the sector with respect to outsourcing and 
off-shoring should by now have exposed this inevitability. Cluster and innovation 
literature often take for granted the virtues of innovation and agglomeration 
economies. Yet, producing innovations per se may advance the world technology 
frontier, but offers no competitiveness guarantee for a small open economy if 
local firms are unable to apply the new technologies in a productive way. Innova-
tion and efficiency are not mutually exclusive, but inclusive for an industry to 
maintain its lead at the technology frontier.  

What actually has happened at the local level in the ICT sector, in terms of inno-
vation advantages of agglomerations and their persistence over the long term, is 
unclear. Intuitively, confronted with the threat of growing outflow of R&D inten-
sive activities, the building of persistent location-specific advantages should be a 
key policy concern. Yet, while specific clusters have famously stimulated the 
emergence and expansion of the Finnish ICT industry, there is little evidence to 
suggest that cluster policy has been successful.  
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In addressing the role of agglomeration in achieving the tremendous productivity 
growth and technical progress in the 1990’s, this paper builds on previous  
empirical research by Berghäll (2006a, 2006b, 2006c) on the Finnish ICT equip-
ment industry in 1990–2003. By applying a stochastic frontier (SF) model, it is 
possible to identify the role of various determinants in technical efficiency, as 
well as estimate the persistency of efficiency advantages and their dependence on 
the location. High efficiency may be linked with external economies of scale, 
particularly localisation economies present in clusters. The ability of technical 
efficiency to indicate efficiency enhancing external economies of scale, crucial 
for vibrant clusters, and the potential to uncover agglomeration economies by 
means of frontier modelling, is the first research question. In addition, this paper 
contributes to the literature in several respects, such as with empirical evidence 
on the innovation – competition dichotomy in the ICT sector, particularly with 
respect to time impacts. The interaction of R&D elasticity and technical change 
as indicators of innovation with different types of locations and firm size, and the 
persistence of innovation advantages also have interesting implications on the 
scope of R&D subsidies as instruments for regional policy.  

Concerning the innovation and competition dichotomy, high efficiency has been 
empirically found to be linked with high competition, while technical change is 
intuitively a reasonable indicator of innovation. The literature in regard to inno-
vation is slightly contradictory. E.g., Badunenko et al. (2006) argue that effi-
ciency can be regarded as an overall measure of innovativeness, resulting from 
high productivity in production and the sale of highly priced innovative goods 
and services. Efficiency is, however, a measure of the distance from the technol-
ogy frontier, while it is technical change that moves the frontier through innova-
tion. The most efficient firms are likely to be highly innovative, but for the rest, 
efficiency change merely measures catch-up with frontier firms. Technical 
change is therefore assumed to indicate innovation. Although the adoption of 
new technologies also shows up as technical change in limited data samples, they 
do nevertheless represent innovations new to the sample in question. Hence, I 
attempt to analyse circumstances in regard to innovation and competition based 
on efficiency and technical change following the theory created by Aghion et al. 
(2005).

Compared to standard labour productivity and constant returns approaches, the 
SF model and data used allow for more sophisticated analysis. While an adequate 
amount of reliable data is rarely available for ICT sectors in small countries, I 
can exploit it both at the firm and plant level. A flexible translog production 
function allowing for variable returns is estimated to retrieve estimates of scale 
economies that indicate the growth potential of plants or firms with long term 
consequences. In addition to physical capital, knowledge capital stocks and mul-
tifactor productivity growth are estimated, and this is carried out with a high  
depreciation rate, more in line with recent research and the rapid technical 
change of the industry. Resulting factor elasticities, including that of R&D, sug-
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gest constraints or oversupply in availability of factor inputs. These need to be 
evaluated in the context of the direction of technical change, which can also be 
retrieved from the model. 

The Finnish ICT case is exceptionally interesting for several reasons. New eco-
nomic geography has argued that increasing returns arise from a process of  
regional economic agglomerations, i.e., localisation and urbanisation external-
ities. In practice, increasing returns are rarely found. The Finnish ICT equipment
industry in the 1990’s provides quite an exception. In Finland, almost the entire 
period studied in this paper, 1990–2003, settles within a long and tremendous 
out-of-equilibrium growth phase, in which large firms have dominated technical 
change and productivity growth. Moreover, the industry enjoys important effi-
ciency raising fixed factors that influence the productivity of factor inputs 
(Berghäll, 2006a, 2006b, 2006c), and is world-wide a key source of technological 
progress and productivity growth. It alone produces over 55 % of all corporate 
R&D activity, representing 1.4 % of R&D/ GDP. Daveri and Silva (2004) have 
estimated almost 40 % of productivity growth in 1992–2000 to have emerged 
from the “Nokia” industry with highly limited spillovers to the rest of the Finnish 
Economy. While spillovers may be small, multiplier effects are large and wide, 
with repercussions on the entire economy. Due to its growth performance,  
regions across the nation are keen to attract firms in the industry, and regional 
development considerations have been included as a criterion in R&D support 
allocation.

A central focus of this paper is to estimate to what extent increasing returns to 
scale arise in agglomerations, in line with the new economic geography litera-
ture. The cumulative nature of R&D, particularly its indivisibility, allows for  
increasing returns at the aggregate, individual or firm level, which, in turn, has 
given rise to the endogenous growth literature (Hall, 2006). Increasing returns 
may also arise from traditional internal scale economies.

European ICT clusters have generally demonstrated strong path dependence, and 
leapfrogging in the sector has been rare (Koski et al., 2001). Yet, Finnish firms 
rode the global ICT wave in 1990’s despite marginal initial specialisation. The 
reasons behind this unusual catch-up are perceived to be more related to domestic 
innovation than absorption of technology from abroad. The limited ability of  
innovators to appropriate all returns to R&D investments, create a disincentive 
for small country policy-makers to pursue innovation-based technology strate-
gies, and they are, indeed, rare. Ireland, for instance, relied heavily on technology 
transfer from MNEs to upgrade its industry, (e.g. Berghäll et al., 2002). The dif-
ferences in technology policies are also evident in foreign firms’ share of exports. 
In 1999, foreign firms accounted for 85–90 % of total exports in ICT intensive 
Ireland and Hungary, while in Finland their share was only about 30 % and under 
40 % in Sweden. In Finland, the role of one firm, the Nokia Corporation, in 
transforming the ICT wave into a local tsunami was undoubtedly crucial.  
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In sum, the most important empirical contributions to recent theory are the fol-
lowing: This study will suggest that the inverted u-curve relationship between 
innovation and competition may be irrelevant in specialised small economies, for 
which competition is given from abroad and innovation constrained by industry 
specific technological opportunities. Instead, the inverted u-curve relationship 
may apply over time. That is, innovation dominates industry developments at the 
early stage, but competition gradually intensifies as the technology matures. 
Thus, this study will provide support to the industry life cycle theory, and will 
argue that it should not be ignored in innovation policy, particularly in small 
economies in which public support to R&D frequently has to be distributed se-
lectively to certain fields of specialisation, and hence the technological opportu-
nities of the industry matter greatly to the returns to R&D, and subsequent 
returns to investment in the sector.

The following section provides a brief survey of the literature on agglomeration 
economies and related stochastic frontier methodology applications. Section 3 
presents the methodology, section 4 the data and results are reported in section 5. 
Their policy implications are discussed in section 6, including the prospects for 
persistent innovation advantages, and the deployment of R&D subsidies as  
instruments of regional policy.



5

2. Key Concepts, Literature and Summary of 
Research Questions 

To fully credit contributors to the extant literature in related fields is beyond the 
scope of this paper. I shall merely attempt to provide, first, the main definitions 
on agglomeration economies and some key empirical results on their signifi-
cance. Secondly, I shall briefly overview the most relevant contributions to my 
research questions. Third, relevant points regarding the theory of competition vs. 
innovation are summarised. Fourth, the literature relating FDI to agglomeration 
economies is briefly discussed. Finally, I provide a concise summary of the main 
research questions and associated formal hypotheses.

2.1 Agglomeration economies 

Our limited understanding of the determinants of economic growth and their 
various interactions does not derive from neglect of the topic. One growth obsta-
cle, namely physical distance is still alive and kicking despite its death declara-
tion by The Economist magazine well over a decade ago (30 September 1995 to 
be precise). The development of information and communication technologies 
(ICT) has nibbled away some distance related transaction costs with a real  
impact. For example, according to Gholami et al. (2006) ICT investment acceler-
ates FDI to developed countries. Yet, proximity continues to matter. Not only is 
there a pervasive tendency for all factors of production, including physical and 
human capital to congregate together and concentrate economic activity, but eco-
nomic growth has been observed to concentrate in previously rapidly grown  
areas, i.e., the neo-classical prediction of unavoidable convergence is not sup-
ported by the empirical evidence. The geographic distribution of plants is con-
centrated both across and within individual industries.

An important factor causing accumulation is agglomeration economies. They can 
be further divided into: (i) Urbanisation economies (positive interindustry exter-
nalities with many diverse firms and inhabitants in the vicinity) and (ii) localisa-
tion economies (intraindustry economies of scale from firm clustering).

The first, the size and variety of large urban markets generate ideas and innova-
tions benefiting from technologies, knowledge and scientific developments 
across industries, while allowing for a market of highly specialised knowledge. 
This concept was first introduced by Jacobs (1969).

Localisation economies, also called Marshall-Arrow-Romer (MAR) co-location 
externalities, arise from knowledge spillovers, labour market risk sharing and 
vertical linkages for firms that employ similar technologies, inputs, and human 
capital. These are more linked to external economies of scale that arise from the 
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pooling of factors of production, and include the availability of appropriate infra-
structure, intermediate inputs, cost savings and efficiency in production.  

In addition to urbanisation and localisation economies, one comes across various 
expressions in the literature, with similar meanings. E.g., what Schmitz (1999) 
defines as collective efficiency, i.e., the competitive advantage derived from local 
external economies and joint action that emphasizes increasing returns in the 
making of clusters, resembles another synonym for localisation economies.

Agglomeration not only offers the potential of efficiency raising external econo-
mies of scale, but also of more rapid technological diffusion. Knowledge of a 
new technology and how to obtain it may spread first within the company, and 
gradually locally among other companies in the industry, etc. E.g., according to 
Fallick et al. (2006), job-hopping within an agglomeration’s labour pool facili-
tates the reallocation of resources toward firms with the best innovations, appear-
ing therefore to contribute to allocative efficiency and creative destruction.

The literature suggests small firms to be more prone to benefit from externalities 
and therefore to need clustering with other R&D performing firms or universities 
in the field, while large firms are more adept at exploiting their own R&D.  
Although most formal R&D is concentrated in large corporations, Àcs and 
Audretsch (1990) argue that small firms account for a disproportionate share of 
new product innovation, given their low R&D expenditures. One explanation is 
knowledge spillovers from other firms or research institutions (Baptista, 1997). 
Àcs and Varga (2005) show that after controlling for knowledge capital and 
R&D expenditure, agglomeration and entrepreneurship have a positive impact on 
technological change in the EU. 

2.2 The industry life cycle 

The propensity of innovative activity to spatially cluster is shaped also by its 
stage in the industry life cycle process (Audretsch and Feldman, 1996, and Klep-
per, 1996). In the introduction stage, tacit knowledge is crucial and innovative 
activity originates mainly from small firms creating radical product innovations 
clustered e.g., around university research. During the growth stage the industry 
continues to be highly innovative, but innovative activity tends to be generated 
by large firms. As the industry matures, technological progress slows down, effi-
ciency-raising and incremental process innovations supported by scale econo-
mies increase in importance with innovation dominated by large firms. Until in 
decline, the little remaining innovation is once again centred in small firms 
(Audretsch, 1998). 

According to Henderson (1988), mature (or traditional) industries benefit from 
localization economies, while modern or hi-tech industries and business services 
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flourish in diverse and innovative urbanised areas. Venables (1996) argues that 
the availability of a large pool of skilled labour is a major factor particularly in 
the location of high-tech industries. Feldman and Audretsch (1999) argue that 
diversity is more conducive to innovation than specialization at the city level, and 
that the degree of local competition for new ideas within a city is more conducive 
to innovative activity than local monopoly is. This conforms with Jacob’s (1969) 
views on urbanisation, but contrasts with the Marshall-Arrow-Romer (MAR) 
model predicting local monopoly to be superior to local competition as it maxi-
mizes firm’s ability to appropriate returns to innovation. Feldman and 
Audretsch’s definition of diversity relies, however, on scientific proximity of 
different industries, which drawing on their common scientific base results in the 
creation of clusters. In contrast, in this paper, diversity refers to the entire variety 
and critical mass of urban areas, which arises from mere city size: Meanwhile, 
clusters manifest localisation externalities of individual industries. 

2.3 Empirical studies related to R&D, agglomeration and efficiency 

The empirical evidence on R&D and agglomeration effects is limited but grow-
ing. On Dutch data, Dieperink and Nijkamp (1987) were unable to find proof for 
urban size and R&D infrastructure impacts on innovative behaviour, and Kleink-
necht and Poot (1992) for higher R&D intensities in urban areas. Merely that 
relatively more process-related R&D in rural areas proved to be consistent with 
theories on innovation and agglomeration. Using data for several European re-
gions, Fritsch (2004) tackled a related topic on the extent differences in regional 
R&D cooperation can explain differences in the efficiency of R&D activities and 
consequently innovation, but did not find them related. 

There are even fewer applications in the literature seeking agglomeration econo-
mies with stochastic frontier methodology. The most relevant one is that of 
Badunenko et al. (2006). On German data, they disaggregate the causes of varia-
tion in firm level technical efficiency, and find industry effects (about 33 %), size 
effects (25 %), and location of headquarter (10 %) to dominate. Meanwhile, other 
firm characteristics, such as ownership structure, legal form, age of the firm and 
outsourcing activities have a marginal impact, while R&D showed a negative 
impact on technical efficiency. Hence industry effects are clearly important, but 
since Badunenko et al. (2006) pool industries, their estimates are likely to be  
biased for individual industries, particularly for exceptional forerunners of tech-
nological change and productivity growth, such as the ICT industry. Perhaps due 
to this, they do not differentiate results by industry or characteristics of locations. 
Disconcertingly, their time dummies suggest technical regress.  

In many other studies, the focus has been on regional level aggregations. Mitra 
and Sato (2006) have actually examined whether agglomeration economies are 
manifested in technical efficiency and faster economic growth (as well as with 
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higher levels of employment). They applied regional (prefecture) level data at 
two digit Japanese industry level to construct a technical efficiency index with 
stochastic frontier methodology. They conclude that agglomeration economies 
appear to have an impact on efficiency, but technical efficiency is only one of the 
mechanisms that translate agglomeration economies into productivity growth. 

Susiluoto (2003) found ICT production to, indeed, raise regional economic effi-
ciency, with Helsinki followed by Salo at the top of the list. He applied data en-
velopment analysis (DEA) to regional level data, thus revealing developments on 
the aggregate regional scale, while unaccounting for statistical noise or other fac-
tors which may distort DEA efficiency results. He concluded that the location of 
ICT production in larger centres and already competitive regions largely excludes 
small and inefficient regions from its benefits, even if it would provide an oppor-
tunity for weaker areas to catch-up. Similarly, Raab and Kotamraju (2006)  
applied DEA methodology to construct an index of relative efficiencies, by 
maximising two proxies of high-tech output, while minimising five resources 
typically associated with high-tech infrastructure, to rank 50 US states.

At the industry level, Driffield and Munday (2001) applied stochastic frontier 
methodology with random components associated with industry technical effi-
ciency to analyse the impacts of foreign ownership and regional agglomeration 
on technical efficiency in UK industries. They found more productive and clus-
tered industries to exert a more positive effect on efficiency from foreign invest-
ment. In pure simulation study, Wersching (2007) ran simulations on an agent-
based model to study technological development, firm economic performance 
and the evolution of agglomerations. He found young industries to enjoy an  
incentive to agglomerate to enhance their innovation, particularly product inno-
vation.

2.4 Innovation and competition 

Judging by the literature, it is reasonable to assume that high efficiency signals 
intense competition and, intuitively, rapid technical change signals high innova-
tiveness. Stochastic frontier methodology therefore allows one to examine the 
inverted U-curve relationship between innovation and competition in the indus-
try, i.e., the theory developed by Aghion et al. (2005). According to it, at lower 
levels of competition firms innovate more, particularly if subject to debt-
pressure. This characterises the rising slope of the inverted U-curve. At higher 
levels of product market competition, the Schumpeterian effect dominates. That 
is, higher competition discourages innovation, as it reduces monopoly rents from 
innovation, moving the firm to the downward sloping part of the inverted  
U-curve. The related research question in this paper is therefore: Does there  
appear to be an inverted U-curve relationship between technical progress and 
technical efficiency? If so, then what are the linkages with agglomeration 
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economies? Or is the industry life cycle more appropriate to characterise the  
industry – Again an area of little previous research. 

2.5 Agglomeration economies in FDI and inflows to Finland 

Another indicator of the attractiveness of a location, is the extent it accumulates 
foreign investment. Theory asserts that firms investing abroad enjoy firm-
specific advantages, which encourage them to challenge firms on foreign terri-
tory. The actual investment location is defined by location-specific advantages, 
which eventually narrow down to the exact location of the firm in a foreign coun-
try. Thus, the locations foreign firms choose should offer advantages over other 
regions. E.g., foreign firms may prefer large urban areas that offer business ser-
vices that complement their knowledge of local conditions.

Indeed, there is plenty of empirical evidence linking FDI to agglomeration 
economies. E.g., Guimaraes et al. (2000) found foreign firms to favour cities  
arguing them to offer business and other services, including knowledge of local 
conditions, which the foreign firm needs to function efficiently in a foreign envi-
ronment. Head et al. (1995) have argued that locational FDI decisions are shaped 
by the existence of other firms, i.e., there is strong path dependence. Also Barrell 
and Pain (1999a) have found agglomerations to attract FDI in Europe. Moreover, 
Agiomirgianakis et al. (2003) found that agglomeration effects are highly signifi-
cant determinants of FDI location in building up an investment stock indicative 
of future prospects. On UK data, Driffield and Munday (2000) show that prior 
FDI and agglomeration of an industry act as significant location specific advan-
tages attracting more FDI.

There is some evidence suggesting that this is all the more true for R&D inten-
sive FDI. Braunerhjelm and Svensson (1996) found agglomeration effects to be 
present in FDI location considerations predominantly in technologically  
advanced industries. The regional location of high-tech multinationals in Ireland 
after the 1970’s appears to have been driven more by urbanisation economies 
(Barrios et al., 2002). That is, potential localisation economies and incentives 
offered by special economic zones could not outweigh the advantages offered by 
large and diverse urban areas, spreading high-tech beyond the borders of the 
zones planned for them and more evenly across the country. Mariani (2002) 
found that the higher the science-intensity of a sector, the lower the tendency of 
Japanese direct investors to Europe to locate R&D close to production activities. 

Dunning and Narula (1995) view the acquisition of existing innovatory assets, as 
opposed to greenfield R&D ventures, as strategic asset seeking FDI, also used in 
the context of technology sourcing. According to Pajarinen & Ylä-Anttila (2001), 
it motivated a significant share of FDI inflows to Finland at the end of the 
1990’s. The evolution of FDI inflows into the sector is presented in Figure 1  
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below. As is evident, there have been some large sales and purchases, with opti-
mism declining in recent years. Domestic firms in the sector have shown ever 
greater enthusiasm to invest abroad, including increasingly in R&D operations.

While technology sourcing may strengthen the local cluster by technology trans-
fer from the MNE, it may also accelerate spillovers abroad, reducing the appro-
priation of returns to local innovations by domestic firms. The net effect depends 
very much on the extent to which foreign firms merely extract knowledge and 
technology, as opposed to their addition of value to the local innovation system. 
Little is known on their contribution to technological progress in Finland. In gen-
eral, foreign-owned firms have been found to show above average productivity 
(see e.g. Ilmakunnas and Maliranta, 2004). The key feature appears, however, to 
be the multinational competitiveness of the firm, rather than foreign ownership. 
Domestic multinationals have at times shown even higher productivity than for-
eign owned firms (see eg. Castellani and Zanfei, 2007), although, based on UK 
data, Criscuolo and Martin (2005) actually find US multinationals to outperform 
multinationals from other countries.
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Figure 1.  FDI Inflows into the Finnish ICT Industry, 1994–2006 in millions of 
euro. Note: Data for 2004–2006 is preliminary. Source: Bank of 
Finland.  

2.6 Summary of research questions and hypotheses 

The above discussion shows that there are numerous reasons to expect interesting 
results to emerge from the application of stochastic frontier (SF) methodology to 
the study of agglomeration economies in the Finnish ICT equipment manufactur-
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ing. The key role and exceptional performance of the ICT sector as such suffice 
to merit it detailed scrutiny. Agglomeration economies, particularly localisation 
economies, are important to the industry world-wide, but how persistent are 
they? Do certain types of agglomerations enjoy more rapid technical change or 
higher efficiency? Are internal economies of scale linked to external ones? The 
varying impacts of industry, foreign ownership, competition, innovation, location 
and life cycle effects, as well as the differences in technologies used, require that 
industries not be pooled, but analysed separately.

The starting point for this study was to evaluate how external economies of scale 
are linked with technical efficiency and firm level scale elasticities in this innova-
tive industry. Namely, can agglomeration economies be revealed with the sto-
chastic frontier methodology used to identify technical efficiency in the industry. 
Intuitively, high efficiency is linked to external economies of scale, particularly 
localisation economies present in clusters.

Hypothesis 1: Technical efficiency can approximate external economies of 
scale, arising from agglomeration economies and particularly localisation 
economies present in clusters. Alternatively, external economies of scale 
are at least partly reflected in internal ones if they are linked to the size of 
the location.

Evidence to support this hypothesis would show that firms located in large clus-
ters or cities are technically more efficient than those in more sparsely populated 
areas, or that scale elasticities are linked to certain types of locations, rather than 
just firm size.

Innovation advantages, particularly due to knowledge diffusion and diversity in 
agglomerations are also considered a central aspect of agglomeration economies. 
These are all the more important for R&D intensive high-tech industries. Hence, 
even if (or in addition to) efficiency does not appear (efficiency being) important 
in the industry, agglomeration economies may be central to the industry due to 
the innovation advantages they present.

Hypothesis 2: Agglomeration economies present in large clusters or cities 
contribute to firm innovativeness.

To test this hypothesis, the link and interaction with different types of locations 
of the two measures of innovativeness available in this case, namely R&D elas-
ticity and technical change, will be analysed.

Intuitively, confronted with the threat of growing outflow of R&D intensive  
activities, the building of persistent location-specific advantages should be a key 
policy concern. Assuming that some indications of agglomeration economies can 
be found, the success of Finnish innovation policy in creating permanent innova-
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tion advantages can be evaluated by inspecting how persistent and location-
specific superior returns appear to be.

Hypothesis 3: The success of the Finnish ICT cluster has contributed to 
the creation of permanent innovation advantages in the largest ICT clus-
ters.

Have certain types of agglomerations enjoyed more rapid technical change or 
R&D elasticity continuously relative to others?

Since the industry’s capital intensity is relatively low, due to e.g. its R&D and 
outsourcing intensity, its strong path dependence can be assumed to be more re-
lated to the supply of human capital and accumulated knowledge at a particular 
location than fixed structures. That is, if there are location specific advantages 
somewhere in Finland, with the potential to be at least long-term, they can be 
expected to be more related to a rather stable pool of labour and R&D skills, 
rather than machine and building embodied capital. 

Hypothesis 4: The location-specific persistent innovation advantages arise 
from the supply of human capital and accumulated knowledge, rather than 
fixed physical capital structures.

If there are indeed persistent innovation advantages, do they appear to be related 
to higher labour or R&D elasticity?  

At the theoretical level, the relevance of the inverted U-curve relationship  
between innovation and competition will be evaluated, and compared with the 
industry life cycle theory.

Hypothesis 5: Considering that high efficiency has been empirically found 
to be linked with high competition, while technical change is intuitively a 
reasonable indicator of innovation, there is an inverted U-curve relation-
ship between technical progress and technical efficiency.

This hypothesis will be tested by first, assuming that competition is reflected in 
lower profit margins, testing whether a firm-specific Lerner index suggests that 
competition is indeed conducive to technical efficiency. Second, any indication 
of an inverted u-curve relationship between technical change and technical effi-
ciency will be sought.

With respect to a single industry, the inverted U-curve theory may be relevant 
only over time. That is, the industry life cycle theory may dominate in that inno-
vation may be more important at the early stages, while efficiency and competi-
tion take over as the industry matures. 
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Hypothesis 6: The innovation advantage of agglomeration economies has 
declined in time due to gradual technological maturing of the industry, in 
line with the industry life cycle theory, and efficiency concerns have  
simultaneously increased.

Judging by the evidence of the various results, does innovation in the industry 
appear to be in decline and cost competition of the rise? Does the industry life 
cycle theory offer a better approximation of industry developments? If so, what 
are the policy implications? What are the innovation policy implications of the 
results in general? Should regional policy aspects be somehow reconsidered? 
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3. Methodology

The stochastic frontier (SF) model applied is common to the literature, see e.g. 
that of Heshmati et al. (1995). An account of it is also available in Berghäll 
(2006a and 2006b), in which she found it appropriate for the industry at the firm 
level, due to (i) important random variation (non-deterministic), and (ii) wide 
distribution of firm level technical efficiencies (efficiency effects).  

The common assumptions typical to new growth theory contributions (e.g., by 
Romer, 1990 and Grossman and Helpman, 1991) of constant returns to accumu-
lating factors, as well as of efficiency on markets and in firms, are relaxed in this 
paper, since such models fail to adequately distinguish between technical change 
and productivity growth. Moreover, they were previously rejected by hypothesis 
tests.

As only one industry is included, the panel firms can be assumed to be subject to 
similar (no) regulation, free markets with no restrictions on output, to demon-
strate similar profit or revenue maximising behaviour, allowing the application of 
an output distance function, and fit the firms and plants into the same functional 
form of the production function, i.e. technology, for their relative efficiencies to 
be comparable. This represents one of the strengths of the analysis, since unlike 
many studies, no attempt to pool different industries using different technologies 
and responding to different incentives is made. While the technologies firms use 
may vary greatly by firm even within the same industry, the choice of the Finnish 
ICT manufacturing industry, constrains the sample to firms that operate in a 
rather small and yet globally open cluster highly specialised in mobile communi-
cations technology. These firms are networked and interdependent, many of them 
subcontractors to the global Nokia Corporation, and though their products and 
processes differ according to their circumstances and niche, they are free and 
ready to reorient themselves according to market and technological needs,  
demand and opportunities. Thus they can be considered to follow similar techno-
logical paths, although the form of the production function is likely to be compli-
cated. Therefore, the following translog (transcendental) production function, 
specified as common to the literature, is assumed to approximate production 
technology:  

(1)
,ln½

lnln)(ln½lnln
2

2
0
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where Y is the output of the i-th firm observed in period t, the ’s denote parame-
ter estimates of the production function, i the company, j and h denote inputs 
(i.e., logarithms of physical capital (k), non-R&D labour (l) and R&D capital (r)),
and t the time period (i.e., one year).
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In SF models, the error term, ititit uv  is composed of a conventional symmet-
rical normally distributed random error term, it which is i.i.d. N(0, v

2), and a 
one-sided, half-normally distributed inefficiency term, uit, which is also i.i.d. 
N( itZ , u

2), i.e, obtained from a truncation of the normal distribution at zero, but 
with mean itZ  and variance 2

u. Alternatively, Battese and Coelli (1995) have 
specified this as ititit wZu , where wit is defined by truncation of the normal 
distribution wit ~ N(0, w

2) with left truncation at itZ  for each i. I shall here-
after denote their formulation of technical efficiency as Bceff (for Battese and 
Coelli) to distinguish if from the other measure of technical inefficiency (Teff).  

That is, in addition to the Bceff, the Method of Moments technical efficiency is 
estimated with and without fixed effects, and denoted Teff hereafter. Heshmati et 
al. (1995) specify the error term as ,ititiit  where i are fixed or the  
unobservable firm-specific effects, it  is again random variation and it is techni-
cal inefficiency (Teff), which is i.i.d. and N(0, 2) when truncated from above 
( it  0). Inefficiency, it captures the firm’s shortfall in productivity from the 
most efficient firm(s) in the sample, or its location beneath the industry’s best-
attainable frontier. Regardless of sample coverage, the firm has some measure of 
control over its efficiency. Uncontrollable statistical noise it arising from  
measurement errors in the dependent variable, exogenous shocks, etc., is i.i.d. 
and ~ N(0, 2). In addition, it and it are assumed to be independent among 
themselves.

While the methods allow for the separation of stochastic variation from actual 
efficiency, the severity of the above assumptions is their main deficiency. Since 
the Bceff model finds the appropriate cut-off point for efficiency, rather than  
assuming it, it is expected to provide more reliable measures of actual efficiency 
levels than the Teff model. The method of moments (Teff) methodology is  
useful, however, to obtain differences in persistent and time varying efficiency 
levels by accounting and un-accounting for fixed effects.1

Technical efficiency is assumed to directly benefit from external economies of 
scale arising from the proximity and abundance of vertical and horizontal link-
ages in agglomerations, as well as knowledge flows on production techniques 
and methods. Differences remain between individual firms and plants due to firm 
or plant specific factors such as, e.g., managerial and organisational efficiency. 
Location and firm related efficiency differences, as well as the role of knowledge 
flows in technical change and R&D elasticities will be controlled for by experi-
menting on several types of fixed effects and determinants of inefficiency. Actual 
efficiency levels typically vary widely with the measurement method even with 
seemingly minor procedural choices (Caves, 2007). Results should therefore be 
                                             
1 A detailed account of the estimation of technical efficiency is given in Berghäll (2006a).  
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considered as indicative of directions and magnitudes, and the interest in results 
lies more in elements of structure and conduct, which have proved robust across 
industries (Caves, 2007).

The frontier production function is estimated with corrected ordinary least 
squares (COLS)2 for Teff, i.e., technical efficiency with the Method of Moments, 
and maximum likelihood for Bceff, i.e, technical efficiency as modelled by 
Battese and Coelli (1995). The following model variations are estimated:

1) Pooled COLS (model D0 henceforth with no account for unobservable 
firm heterogeneity or time-specific effects) with Teff; 

2) COLS with firm characteristic dummies, i.e., foreign/domestic ownership 
(type), size (number of employees in six groups) , export status (exports or 
not), age (4 categories), and leverage (model D1 henceforth) with Teff; 

3) COLS with fixed effects, i.e., firm dummies (model D2 henceforth) with 
Teff;

4) Maximum Likelihood and Bceff with firm characteristic dummies in the 
inefficiency term (model ML henceforth). Various determinants of ineffi-
ciency were tried, including the D1 model dummies, debt ratio, a Lerner 
ratio (for competition), material intensity (for outsourcing), and labour ex-
penditure.

Productivity growth is disaggregated into scale and factor input elasticities, tech-
nical and technical efficiency change, and outcomes identified for different types 
of locations. Input elasticities are obtained from the first derivative of the produc-
tion function with respect to each input factor as: 

(2) .lnln
ln
ln

h jthitjhjitjjj
ijt

it
j tXX

X
YE

where jE is both firm and time varying, j,h=k, l and r, i=firm, t=time. High R&D 
elasticity is assumed to be closely associated with idea spillovers and innovation 
in agglomerations. The marginal productivities of factor inputs are then obtained 
from )(Y/X jjE . The rate of exogenous technical change is obtained as: 

(3) .lnln
j ijtjtttt

it
it Xt

t
YTC

Technical change results from technological diffusion and innovation, i.e.,  
dynamic efficiencies in the form of idea and knowledge spillovers, facilitated in 
agglomerations. Improvements in production processes are directly translated in 
                                             
2 OLS provides BLUE estimates of the slope parameters and appropriately computed standard errors, but the downward bias in the 
intercept estimator has to be corrected (Greene, 1980). In this case the bias is corrected by deducting /2 *mean standard error of 
inefficiency term (see Berghäll, 2006a) to obtain unbiased estimates of the intercept and, subsequently, inefficiency.  
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technical change, while success in product innovation may be first displayed in 
rising demand and/or scale elasticities. Intermediate inputs can be a product  
innovation for their producer and process innovation for their purchaser. 

Scale elasticity (or returns to scale, RTS), defined as the percentage change in 
output due to a proportional increase in the use of all inputs, is calculated as the 
sum of input elasticities. It reflects internal firm strengths and growth potential 
unrelated to location.

(4) jj ERTS

Total factor productivity growth (TFP) is the sum of technical efficiency change, 
technical change and scale elasticity. Two measures of TFP growth are esti-
mated. In (5) TFP1 scale elasticity is weighted by input shares proxied by their 
input elasticities. The dots above the variables indicate change. 

(5)
j jitjititit XERTSTCBceffxTFP )1(1 ,

Where TFP growth is a sum of the change in technical efficiency (Bceff with a 
dot), technical change (TC), and scale elasticity (RTS), weighted by the effects of 
the different inputs. That is, the changes in inputs (X with a dot) are weighted by 
their respective input elasticities and summed up to obtain a scale multiplier. In 
contrast, TFP2 is estimated by using the unweighted growth rate in output as a 
proxy for estimated changes in output in (6):  

(6) itititit YRTSTCBceffxTFP )1(2

Their differences suggest disparities in actual and potential productivity growth 
rates.
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4. Data and variables 

The unbalanced panel was constructed of private manufacturing firms engaged in 
ICT equipment manufacturing during 1990–2003 from the Longitudinal Data-
base on Plants in Finnish Manufacturing (LDPM) 1974–2002, Financial State-
ments Statistics 1986–2003, and R&D Surveys 1985–2003 from Statistics 
Finland. The sample includes 988 observations of 164 firms and 1282–1357
observations of plants over the period 1990–2003.

Only firms with at least 20 employees were included due to data shortages on 
smaller firms3. The proportion of all firms employing less than 20 people was  
89 % in 1993 and 86 % in 2004. In 2003, the true number of firms operating in 
the industry rose to almost 1700, but only 233 if firms with less than 20 employ-
ees are excluded. The share of total employees in under 20-employee firms was 
only 12 % and 7 % respectively, and their share of total turnover only 6 % and  
2 %, or of total wage costs 9 % and 5 % respectively for 1993 and 2003. Thus, 
though large in number, the exclusion of firms with less than 20 employees cuts 
out only about 10 % of total economic activity in the industry. Larger firms also 
cover over 90 % of the private R&D carried out in the industry, which in turn 
represents over half of corporate R&D in Finland.4

Table 1 presents the distribution of the sample firms by size. The sample does not 
cover larger firms in there entirety. For 2003, for example, sample observations 
were available for only 84 firms, i.e., for only about 36 % of over 20 employee 
firms in the industry. The main reason for the exclusion of larger firms is the  
limited availability of capital stock data in the LDPM database. The database, 
nevertheless, is argued to be representative of reality5. In addition, Table 1  
suggests that the distribution of sample firms is reasonably similar to the true 
distribution.

                                             
3 Henceforth, firms with less than 20 employees are called micro-firms. 
4 The data is described in more detail in the Appendix of Berghäll (2006c). 
5 See Maliranta (2003). 
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Table 1.  Distribution of Companies with over 20 employees in 1993, 2003 and 
in sample (Percent of Total) 

 No. of Firms  Distribution of Personnel Distribution of Turnover 
Firm Size 1993 2003 Sample 1993 2003 Sample 1993 2003 Sample 
20 to 50 47 % 48 % 35 % 8 % 6 % 3 % 5 % 2 % 2 % 
50 to 100 20 % 20 % 17 % 8 % 5 % 3 % 6 % 1 % 2 % 
100 to 250 15 % 17 % 20 % 13 % 10 % 9 % 9 % 3 % 4 % 
250 to 500 11 % 8 % 12 % 20 % 11 % 12 % 15 % 4 % 5 % 

 500 7 % 7 % 16 % 51 % 69 % 72 % 65 % 90 % 87 % 
Total 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 

Note: In 2004, the industry employed more personnel in subsidiaries abroad than in Finland, but the sam-
ple figures include only activities in Finland. Source: Statistics Finland, Finnish Enterprises Database.  

4.1 The independent variables 

There are three main independent variables. Real value-added measures output 
(Y), the dependent variable, while factor inputs are non-R&D labour (L), the 
physical capital stock (K) and the R&D stock (R). Labour input is proxied by  
total firm personnel, since data on hours worked were available for few firms. As 
R&D was included as an input, R&D employees were deducted from the total 
number of labour input to avoid double-counting. To the extent that R&D expen-
diture represents wages of educated R&D employees, the R&D capital measure 
also incorporates human capital into the model. The LDPM database provides 
proxies for physical capital, built from machine and equipment assets using the 
perpetual inventory method with a ten percent depreciation rate, i.e., 

ttt IKK 1)1(  where  is the depreciation rate. Similarly, R&D capital 
stocks were built from total internal R&D investments, available in the R&D 
panel. The initial R&D stock was based on data from 1985–1989 when available. 
Otherwise only reported R&D data could be used to construct the R&D stock. 
Several annual depreciation rates were applied to find the appropriate one, but 
the initial R&D stock was estimated with a 30 % depreciation rate.

The data is analysed both at the firm and the plant level. Plant level data allocates 
results to the type of region where production actually takes place, while the firm 
level perspective is necessary due to firm level indivisibilities. In particular, firm 
level data avoids the artificial division of R&D capital plant-wise by the number 
of employees, for example, an approach adopted by some studies, including this 
one. Due to the nature of knowledge, its duplication is costless. R&D and related 
knowledge and technology flows encounter low if any barriers within the firm 
and dividing them plant-wise is therefore questionable. One could reasonably 
well argue that all plants of a firm should be assumed to enjoy the same level of 
knowledge capital as the firm as a whole. Internal knowledge transfers of techno-
logical know-how from the firm’s R&D centres to their plants in various loca-
tions can keep them up in technological developments. This could in practice 
allocate R&D capital to remote plants in situations where the plant might not be 
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able to absorb such knowledge flows, and one should beware of such hasty allo-
cations. In any case, results with respect to R&D and scale elasticity, in particu-
lar, need to be carefully evaluated both plant and firm-wise with R&D cost 
allocation in mind. Summary statistics are presented in Tables 2a and 2b, at the 
firm and plant levels, respectively. 

Table 2a.  Firm level summary statistics for key variables 

 N Mean Std. Deviation Minimum Maximum

Turnover (€) 944 147 864 331  1 051 549 520  768 851  25 578 904 364 

Value added (€)  988  39 029 555  284 298 161  91 531  6 474 956 360 

Capital (€) 988  12 386 491  39 379 952  218  541 878 095 

R&D Capital Stock (€) 988  8 962 878  42 069 068  826  695 930 103 

Total personnel 988  353  1 060  20  13 516 

No of personnel minus R&D personnel  988  305  931  1  13 516 

Debt ratio (%) 929  113  453  -2 863  8 854 

Lerner index 929  0.06  0.19  -3.66  0.57 

Table 2b.  Plant level summary statistics for key variables 

 N Mean Std. Deviation Minimum Maximum

Value added (€)  1 355  28 380 692  144 314 326  0  3 677 126 776 

Capital (€) 1 355  9 017 215  20 425 528  0  307 732 491 

R&D Capital Stock (€) 1 355  6 421 897  18 766 132  0  274 204 138 

Total personnel 1 357  256  491  0  5 081 

Debt ratio (%) 1 357  91  380  -2 863  8 854 

Lerner index 1 282  0,07  0,24  -3,66  0,57 

Nominal variables were deflated by sectoral producer price indices at the 2 and 3 
digit levels (1995=100), except for R&D data which was deflated using the sec-
toral earnings level index after 1995, and general earnings level index prior to it, 
as these appeared most appropriate considering the options. As an unbalanced 
panel was applied, the selectivity problem caused by entry and exit should be less 
severe.

Results are compared with respect to six different types of locations and foreign 
or domestic ownership. The frequency distributions of firms and plants with  
respect to these dummy variables are presented in Tables 3a and 3b respectively. 
These were also included as determinants of efficiency in the Battese-Coelli (BC) 
model. As Tables 3a and 3b show, the number of foreign firms operating in 
sparsely populated regions is small in total, and declines further to a mere couple 
once the data is divided annually. Analysis of foreign firms elsewhere than the 
largest clusters or cities is therefore disregarded as meaningless. Table 3c shows 
that 45 % of largest firms and 37 % of largest plants are located in the Helsinki 
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area. Combined, Oulu, Tampere and Salo regions host 34 % of largest firms and 
58 % of largest plants.

Table 3a.  Firm Level Frequency Distribution by Urbanisation, Localisation and 
Foreign Ownership

Urbanisation Localisation 
Ownership

Localisation
Ownership

Urbanisation
Size Population in
Urban Area 

Freq.
(%)

No. of firms in Industry 
Cluster

Freq.
(%)

Do-
mestic Foreign Domestic For-

eign

1) Under 2 000  73 
 (7%) 

1) Less than 3 ICT firms 
(no real cluster).  

 84 
 (8%) 

76
(9%)

8
(7%)

61
(7%)

12
(9%)

2) 2 000 – 110 000  203 
 (21%) 

2) At least 3, but under 10 
ICT firms 

 105 
 (11%) 

95
(11%)

9
(8%)

196
(23%)

7
(5%)

3) Over 110 000  712 
 (72%) 3) At least 10 ICT firms  799 

 (81%) 
686

(80%)
99

(85%)
600

(70%)
112

(85%)

Total  988   988 857
(88%)

116
(12%)

857
(87%)

131
(13%)

Table 3b.   Plant Level Frequency Distribution by Urbanisation, Localisation 
and Foreign Ownership  

Urbanisation Localisation 
Ownership

Localisation
Ownership

Urbanisation
Size Population in 
Urban Area 

Freq.
(%)

No. of firms in Industry 
Cluster

Freq.
(%)

Do-
mestic Foreign Domestic For-

eign

1) Under 2 000  123 
 (9%) 

1) Less than 3 ICT firms 
(no real cluster). 

 114 
 (8%) 

103
(9%)

11
(7%)

115
(10%) 

8
(5%) 

2) 2 000 – 110 000  273 
 (20%) 

2) At least 3, but under 10 
ICT firms 

 127 
 (9%) 

115
(10%)

12
(8%)

249
(21%) 

24
(15%) 

3) Over 110 000  961 
 (71%) 3) At least 10 ICT firms  1 096 

 (81%) 
960

(81%)
136

(86%)
833

(70%) 
128

(80%) 

Total  1 357 
(100%) 

 1 337 
 (99%) 

1 178 
(88%) 

159
(12%) 

1 197 
(88%) 

160
(12%) 

Missing obs. 20 19 1   

Table 3c. Frequency Distribution of Largest Firms and Plants by Working Area 
Helsinki Oulu Tampere Salo Other areas Total 

Largest firms  72  26  14  15  33  160
Total  314  154  88  38  394  988
Percent of total largest firms  45 %  16 %  9 %  9 %  21 % 100 % 

Largest plants  69  39  27  23  27  185
Total  406  230  115  60  477  1288 

Percent of total largest plants  37 %  21 %  15 %  12 %  15 % 100 % 

No clear trends in output growth can be detected from the sample. Value-added 
growth varied in all types of agglomerations and regions, reflecting the volatility 
associated with the ICT hype prior to and after the turn of the millennium, but 
annual variations were well below 1 % on average. Helsinki and Oulu do appear 
somewhat apart from the other towns as Figure 2 also shows.
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Figure 2.  Evolution of total value-added by working area. 

4.2 The explanatory variables 

There are several additional variables, determinants of inefficiency, and catego-
ries to group results. A firm-specific Lerner index, the firm leverage ratio, and 
dummy categories were specified for three variables: exporter status, size and age 
(Table 4). The firm-specific Lerner index was specified as operating profit  
divided by the value of gross output (turnover), i.e. a profitability based measure. 
This is expected to provide a better measure of the intensity of competition than 
market share, because international trade is high in the industry and competition 
is largely exogenous. Even small local companies are subject to competition 
from countries as remote as China. Local competition between firms is therefore 
not considered a determinant of inefficiency. If it has an impact, it should show 
up in the regional dummies.
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Table 4. Frequency Distribution of Firms by Debt Ratio, Age and Number of 
Personnel

Debt ratio Freq. (%) Age in years Freq. (%) Size by number of personnel Freq. (%) Exports Freq. (%) 

< 50 % 594 (60%) years 2 244 (25%) 20  labour <50 347 (35%) No 130 (13%) 

50-100% 151 (15%) 2<years 4 144 (15%) 50  labour <100 167 (17%) Yes 858 (87%) 

>100% 243 (25%) 4<years 7 135 (14%) 100 labour <250 195 (20%)   

7<years 465 (47%) 250 labour <500 119 (12%)   

    labour  500 160 (16%) 
Total 988  988  988  988 

Agglomeration economies in large clusters or cities are expected to accelerate 
technical change, improve R&D elasticity and efficiency. Since the industry’s 
capital intensity is relatively low, due to e.g. its R&D and outsourcing intensity, 
its strong path dependence can be assumed to be more related to the supply of 
human capital and accumulated knowledge at a particular location than fixed 
structures. That is, if there are location specific advantages somewhere in 
Finland, they are expected to be more related to labour skills, than machine and 
building embodied capital.  
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5. Results

5.1 The significance of location 

Tables 3a and 3b in the data description section above, already revealed the 
clearest factor endorsing the presence of strong agglomeration economies, i.e., 
that most firms and plants (about 70–80 %), including most foreign firms are lo-
cated in the largest urban areas and clusters. Estimation results on frontier firms 
confirm this as the two largest clusters, Helsinki and Oulu, hosted 73 % of fron-
tier firms6 relative to 50 % of the total sample (Table 5a). The distribution of 
frontier firms by type of region does not show large differences (Table 5b).

Table 5a.  Largest working areas by number of firms and factories 

Region  Urb Loc No. Of Obs. by Firm % 10 % Frontier % No. of Obs. by Prod. Unit % 

Total    988 100 99 100 %  1 357 100 

Helsinki  3 3  341 35 54 55 %  449 33 

Oulu  3 3  154 16 25 25 %  239 18 

Tampere  3 3  88 9    117 9 

Turku  3 3  77 8    99 7 

Kajaani 2 3  40 4    49 4 

Salo 2 3  38 4    62 5 

Jyväskylä 3 3  32 3    37 3 

Varkaus 2 3  29 3    44 3 

Table 5b.  Sample vs. frontier distribution by firm 

Urbanisation Obs. % of 
total

10 % of 
firms  at 
frontier

% Localisation Obs. % of 
total

10 % of 
firms  at 
frontier

%

1 Inhabitants < 2000    73  7  10  10 ICT firms < 3  84  9  8  8 

2 2000  inhabitants < 110000  203  21  6  6 3  ICT firms < 10  105  11  8  7 

3 Inhabitants > 110000  712  72  83  83 ICT firms  10  799  81  83  84 

Tot.    988  100    100    988  101     

Table 6 presents average differences between different types of agglomerations 
for domestic and foreign firm with respect to technical change, R&D elasticity, 
scale elasticity, output-based TFP growth and technical efficiency. As it shows, 
differences between localisation and urbanisation economies prove to be rather 
insignificant. Only TFP results show clear differences, with sparsely populated  
______________________
6 So-called frontier firms are the most efficient ones that constitute the technology frontier. In this case the most efficient 10 % of 
observations are considered to form the frontier due to variation among them over time.  
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areas fairing better than large ones, while the smallest clusters fared worse than 
larger ones. Otherwise smallest agglomerations enjoyed on average most rapid 
technical change and largest agglomerations higher R&D and scale elasticities.

Thus, overall results offer no free lunch prospects in terms of higher returns in 
moving to some specific cluster or vice versa. Urbanisation economies are 
slightly weaker than localisation economies, but such external economies of scale 
fail to match firm-specific internal economies of scale. Though ICT is globally a 
cluster industry, at least in Finland, firm scale- and multi-plant economies, and 
internal firm knowledge flows appear to be the fundamental determinants of pro-
ductivity growth. Overall, the market would appear to function well in Finland. 
Clusters cradle new firms to better survival odds and growth potential. Yet, lone 
firms and plants may at times demonstrate exceptional expertise and perform-
ance.
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TFP growth (estimations based on equation 6), ranged widely (mean 5–19 %) 
between estimation methods and models applied, but was uniformly strong on 
average (Figure 3).

-100 %

-80 %

-60 %

-40 %

-20 %

0 %

20 %

40 %

60 %

80 %

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Sparsely populated Small town City

Figure 3.  Average TFP growth by City Size (plant level and output based in the 
OLS fixed effects model).

5.2 Scale elasticity 

Scale elasticities were relatively strong in large agglomerations for domestic 
firms even after controlling for fixed factors. Since domestic firms in largest  
agglomerations are the largest groups in the sample and in reality, the best 
growth potential would therefore appear to be found in the largest clusters (Table 
6). And since scale inefficiency is the most important shortcoming of firms in the 
industry at large, (Table 8b) a large cluster would seem the safest shelter for  
upward firms. The strongest growth potential that clusters generate may originate 
at least partly in their labour pool, since the elasticity of labour was highest 
among the inputs and technical change was labour using over the period (Table 
7a and Table 7b). Thus, hypothesis 1 received weak support in that agglomera-
tion economies may contribute to internal economies of scale.
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Table 7a.  Firm level translog production function OLS estimates for 30 % R&D 
depreciation rate ( =30 %) for models D0 (no dummies), D1 (firm 
characteristic dummies), D2 (firm dummies) (tarkteffmin3.rtf) 

 D0 Param.  Est. Std Error D1 Param. Est. Std Error D2 Param. Est. Std Error

10.99*** 1.46 10.71*** 1.49 15.36*** 2.18 

-0.11 0.17 -0.01 0.17 -0.34 0.24 

l 0.51 0.24 0.15 0.29 0.16 0.35 

r 0.08 0.12 0.14 0.12 -0.15 0.20 

t -0.002 0.06 0.05 0.06 -0.04 0.07 

kk 0.04*** 0.01 0.03** 0.01 0.04** 0.02 

ll 0.25*** 0.04 0.28*** 0.04 0.15*** 0.04 

tt 0.002 0.003 0.001 0.003 0.000 0.003 

rr 0.04*** 0.01 0.04*** 0.01 0.05*** 0.01 

kl -0.05*** 0.02 -0.03* 0.02 0.01 0.02 

kt 0.002 0.02 0.000 0.01 0.01 0.01 

tl 0.03*** 0.02 0.03*** 0.01 0.02* 0.01 

kr -0.02* 0.01 -0.02** 0.01 -0.02 0.02 

lr -0.03** 0.01 -0.02* 0.01 -0.05** 0.02 

tr -0.01*** 0.003 -0.01*** 0.003 -0.01* 0.004 

Foreign ownership   -0.11* 0.06   

Size 2   0.11 0.08   

Size 3   0.28** 0.12   

Size 4   0.29* 0.16   

Size 5   0.33* 0.20   

Age 2   0.06* 0.07   

Age 3   0.01* 0.07   

Age 4   0.07* 0.05   

Debt 2   -0.08* 0.06   

Debt 3   -0.21** 0.05   

Exporter   -0.10* 0.06   

Localisation 2   0.19* 0.10   

Localisation 3   -0.01* 0.10   

Urbanisation 2   -0.06* 0.10   

Urbanisation 3   0.10 0.12   

R2 0.84  0.85  0.92  

CD-test CD rejected  CD rejected  CD rejected  

Technical change Non-neutral  Non-neutral  Non-neutral  

*** t-value significant at the 1 % level; ** at the 5 % level; * at the 10 % level. 
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Table 7b.  Plant level translog production function OLS estimates for 30 % R&D 
depreciation rate ( =30 %) for models D0 (no dummies), D1 (firm 
characteristic dummies), D2 (firm dummies) (plant.rtf160307)

 D0 Param.  Est. Std Error D1 Param. Est. Std Error D2 Param. Est. Std Error
12,33*** 1,34 11,27*** 1,35 14,48*** 1,86 

-0,20 0,16 -0,10 0,16 -0,46** 0,20 

l
0,12 0,21 0,03 0,23 0,47 0,29 

r
0,11 0,10 0,19* 0,10 -0,15 0,15 

t
-0,04 0,05 0,03 0,05 0,00 0,06 

kk
0,03*** 0,01 0,02* 0,01 0,05*** 0,02 

ll
0,16*** 0,03 0,16*** 0,03 0,23*** 0,04 

tt
0,00 0,00 0,00 0,00 0,00** 0,00 

rr
0,05*** 0,01 0,04*** 0,01 0,04*** 0,01 

kl
0,01 0,02 0,02 0,02 -0,03 0,02 

kt
0,01** 0,00 0,01 0,00 0,01* 0,01 

tl
0,02*** 0,01 0,02*** 0,01 0,001 0,01 

kr 
-0,03*** 0,01 -0,02*** 0,01 -0,01 0,01 

lr
-0,03*** 0,01 -0,03*** 0,01 -0,03* 0,02 

tr
-0,01*** 0,00 -0,01*** 0,00 -0,005** 0,00 

Foreign ownership   -0,20*** 0,06   

Size 2   0,10 0,07   

Size 3   0,07 0,09   

Size 4   0,05 0,13   

Size 5   0,08 0,17   

Age 2   0,03 0,06 

Age 3   0,00 0,06 

Age 4   0,13*** 0,05 

Debt 2   -0,15*** 0,05 

Debt 3   -0,22*** 0,05 

Exporter   -0,10* 0,06 

Localisation 2   0,15* 0,08 

Localisation 3   -0,01 0,09 

Urbanisation 2   -0,08 0,08 

Urbanisation 3   0,08 0,09 

R2 0.84  0.85  0.93  

CD-test CD rejected  CD rejected  CD rejected  

Technical change Non-neutral  Non-neutral  Non-neutral  

*** t-value significant at the 1 % level; ** at the 5 % level; * at the 10 % level. 

The significance of scale efficiencies over technical change is natural considering 
the nature of the industry. Its export intensity, rapid global technological pro-
gress, and large R&D investments make it more likely that technological spill-
overs originate from abroad, rather than from the local environment.
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5.3 Foreign Firms 

Foreign firms demonstrated clearly higher scale elasticities than domestic ones in 
the largest agglomerations, regardless of whether they were clusters or cities (Ta-
ble 6). TFP also tended to be higher in foreign firms on average in larger ag-
glomerations. This is intuitive considering their internal firm linkages to foreign 
technology sources, financing and marketing channels, which bestow them with 
stronger technical change and growth potential. In the smallest regions, foreign 
firms also enjoyed systematically higher scale elasticities, but their number in 
these regions is negligible enough for the results to be disregarded.  

5.4 Technical Efficiency 

Average efficiency results (Table 6 and Table 8b) show that technical efficiency 
does not seem to vary greatly by agglomeration type. Yet, estimation results sug-
gest that being located in a mid-size cluster would appear to slash inefficiency 
significantly (at the 5 % level), while the type of agglomeration was not signifi-
cant at the firm level (Table 8b). Clustering is a feature that has characterised the 
industry on the global scale, so it should be no surprise that this applies to 
Finland as well. The surprise is rather the small size of the efficiency enhancing 
cluster, i.e., harbouring only 3 to 10 ICT manufacturing firms with at least 20 
employees, and offering therefore limited spillovers and innovativeness. In con-
trast to the firm level, however, technical efficiency results themselves proved 
not significant at the plant level.

Results show that differences in inefficiency are significant at the firm, but insig-
nificant at the plant level (Table 8b). This is an exceptionally interesting result, 
because it suggests that plants can be entirely technically efficient in their opera-
tion, but their efficiency is not translated to the firm level due to firm level ineffi-
ciencies. This implies that inefficiencies originate from e.g. upper management 
and organisation levels, rather than the technologies used, work methods or  
organisational aspects within individual plants. Table 8b reports some of the  
results on various experiments with determinants of inefficiency in the Battese-
Coelli Maximum Likelihood model. The main problem at the firm level is scale 
efficiency, as firm level results show size to contribute significantly to efficiency, 
while plant size did not explain differences in efficiency.

Large firms would therefore appear to enjoy multi-plant economies allowing 
them to better organise various types of activities and gain economies of scale on 
headquarter activities. Multi-plant economies arise from transaction/transporta-
tion costs and risk diversification needs, particularly when there are important 
barriers between markets. Such inefficiencies related to organisational aspects are 
also implied by the persistency of firm-level efficiency differences. That is, at the 
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firm level, a comparison of pooled and fixed effects COLS estimations con-
firmed that some firms are more efficient and productive on a near permanent 
basis, and therefore fluctuations in demand or exogenous factors can only partly 
be blamed for any shortcomings in efficiency or productivity (Table 7a). In con-
clusion, hypothesis 1 did not receive support in regard to the ability of technical 
efficiency to approximate agglomeration economies.

Table 8a.    Maximum likelihood estimates for =30 % R&D depreciation rates 

  Firm level  Firm level Plant, all Plant, excl. age and size 

  Par. Est. Std Error  Par. Est. Std Error Par. Est. Std Error Par. Est. Std Error 

 13.22*** 1.32 12,27*** 1,09 0,97*** 0,34 0,94 1,14 

 -0.09 0.14 -0,07 0,14 1,15*** 0,07 1,15*** 0,07 

l  -0.07 0.24 0,04 0,22 -1,03 *** 0,12 -1,07 *** 0,11 

r  0.13 0.10 0,12 0,10 0,87*** 0,06 0,86*** 0,06 

t  -0.08 0.05 -0,12** 0,05 0,09 0,04 0,09 0,04 

kk  0.04*** 0.01 0,04*** 0,01 -0,03** 0,01 - 0,03** 0,01 

ll  0.21*** 0.03 0,20*** 0,03 0,08*** 0,02 0,09*** 0,02 

tt  0.01*** 0.00 0,01*** 0,00 0,01** 0,00 0,01** 0,00 

rr  0.04*** 0.01 0,07*** 0,01 0,03*** 0,01 0,03*** 0,01 

kl  -0.02 0.02 -0,00 0,02 0,07*** 0,01 0,07*** 0,01 

kt  -0.00 0.00 - 0,00 0,00 -0,01 0,00 -0,01 0,00 

tl  0.04*** 0.01 0,04*** 0,01 0,04*** 0,01 0,04*** 0,01 

kr  -0.02*** 0.01 -0,03*** 0,01 - 0,07 *** 0,01 -0,07 *** 0,01 

lr  -0.02 0.01 -0,05*** 0,01 0,01 0,01 0,01 0,01 

tr  -0.01*** 0.00 -0,01*** 0,00 -0,01 *** 0,00 -0,01 *** 0,00 
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Table 8b.    Determinants on technical inefficiency (Bceff) of model in Table 8a.

  Firm level  Firm level Plant, all Plant, excl. age 
and size 

  Par. Est. Std 
error 

 Par. 
Est.

Std
error 

  Par. Est. Std 
error 

Intercept for efficiency 1.34*** 0.21 -1,03 0,75 1,40*** 0,21 1,33 1,11 

Log Lerner index (prof-
its/turnover)

-
0.29*** 0.03 -

0,38*** 0,04 
-0,22 
*** 0,01 

-0,22 
*** 0,01 

Log debt ratio 0.02 0.01 0,02 0,02 0,05*** 0,01 0,05*** 0,01 

Log material intensity 0.15 0.14 L cap. 
Intens. -0,02 0,06     

    L R&D 
intens. 0,27*** 0,04     

Type 2 (Foreign owned) 0.10 0.10 0,11 0,11 0,09 0,06 0,09 0,05 

Exp2  (Exporter) 0.14 0.09 0,19 0,12 0,17*** 0,06 0,16*** 0,05 

Size 2 -0.17 0.10 -0,12 0,11 -0,04 0,06   

Size 3 
-

0.54*** 0.12 -
0,50*** 0,14 -0,08 0,08   

Size 4 
-

0.55*** 0.17 -0,38** 0,16 -0,02 0,11   

Size 5 
-

0.98*** 0.21 -
0,91*** 0,19 -0,22 0,15   

10 Age 2 -0.07 0.10 -0,08 0,11 0,01 0,07 

Age 3 -0.06 0.11 -0,09 0,12 0,02 0,08   

2 Age 4 -0.12 0.09 -0,18 0,10 -0,04 0,05 

3 Localisation 2 -0.26 0.13 -0,29 0,18 -0,20** 0,08 
-0,20 
*** 0,07 

4 Localisation 3 0.07 0.13 0,12 0,19 -0,01 0,12 -0,00 0,08 

5 Urbanisation 2 0.15 0.16 0,02 0,18 0,08 0,11 0,10 0,07 

6 Urbanisation 3 -0.14 0.18 -0,32 0,20 -0,06 0,13 -0,06 0,08 
2 Sigma-squared 0.32*** 0.02 0,37*** 0,03 0,30*** 0,01 0,30*** 0,01 

 Gamma 0.36*** 0.07 0,53*** 0,05 0,02 0,12 0,02 1,05 

Mean BC-Efficiency 0.561  0,60 
 0.3  

*** t-value significant at the 1 % level; ** at the 5 % level; * at the 10 % level. 

Note: The positive delta e.g., for debt ratio indicates that the more indebted firms in the sample tend to be less  
efficient. A negative delta for a dummy variable like size and age imply an opposite relationship with inefficiency.  
A negative delta for the Lerner Index indicates that the higher the firm’s profitability, the lower its inefficiency. 
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5.5 R&D Elasticity 

Agglomeration size (urbanisation) appears to contribute to R&D productivity. 
R&D elasticity correlated significantly and positively with agglomeration size 
(Table 9b) and labour productivity (Table 9a), but negatively with technical 
change and capital elasticity (Table 9a). In the OLS estimations (Tables 7a and 
7b), once plant-specific fixed factors were controlled for, city and cluster size 
clearly contributed to the elasticity of R&D inputs, and this was despite their arti-
ficial division by plant employees within the firm. In the sample, R&D capital 
was artificially divided among production units by the number of personnel. 
Hence, R&D capital is likely to have been overestimated for non-R&D-intensive 
clusters and vice versa. Consequently, the marginal productivity differences may 
be higher than the results suggest.  

These findings are in line with the knowledge spillovers, the innovation, and the 
factor input and services availability advantages of agglomerations (and of par-
ticularly large urban areas). Therefore, hypothesis 2 postulating the presence of 
innovation advantages in the largest agglomerations, as well as hypothesis 3 pro-
posing policy built permanent innovation advantages in largest ICT clusters, re-
ceive support from R&D elasticities. Also hypothesis 4, proposing these 
advantages to arise from human capital embodied accumulated knowledge, re-
ceives support with respect to the persistency of higher R&D elasticities in larger 
agglomerations.  
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Table 9a. Selected correlations at the plant panel, OLS, no dummies (model 
D0)* 

  Elasticity of 
capital
(elask)

Elasticity 
of labour 

(elasl)

Elasticity 
of R&D 
(elasr)

Scale
elasticity

(rts)

Technical
change
(elast)

TFP2u
growth
(tfpyu) 

TFP1u
growth
(tfpxu) 

Labour 
productivity 
(lproduty) 

1,00 0,81 -0,42 0,71 0,79 0,07 0,17 0,02 
 <,0001 <,0001 <,0001 <,0001 0,01 <,0001 0,54 

Elasticity of 
capital
(elask)

1326 1326 1326 1326 1108 1108 1108 1326 

0,81 1,00 -0,09 0,94 0,75 0,18 0,24 0,08 
<,0001  0,00 <,0001 <,0001 <,0001 <,0001 0,00 

Elasticity of 
labour (elasl)

1326 1326 1326 1326 1108 1108 1108 1326 

-0,42 -0,09 1,00 0,24 -0,45 0,13 0,02 0,18 
<,0001 0,00  <,0001 <,0001 <,0001 0,61 <,0001 

Elasticity of 
R&D (elasr) 

1326 1326 1326 1326 1108 1108 1108 1326 

0,71 0,94 0,24 1,00 0,58 0,21 0,23 0,14 
<,0001 <,0001 <,0001  <,0001 <,0001 <,0001 <,0001 

Scale elastic-
ity (rts) 

1326 1326 1326 1326 1108 1108 1108 1326 

0,79 0,75 -0,45 0,58 1,00 0,09 0,19 -0,05 
<,0001 <,0001 <,0001 <,0001  0,00 <,0001 0,07 

Technical
change
(elast)

1108 1108 1108 1108 1108 1108 1108 1108 

0,07 0,18 0,13 0,21 0,09 1,00 0,41 0,05 
0,01 <,0001 <,0001 <,0001 0,00  <,0001 0,08 

Input based 
TFP growth 
(tfpyu) 

1108 1108 1108 1108 1108 1117 1117 1108 

0,17 0,24 0,02 0,23 0,19 0,41 1,00 0,35 

<,0001 <,0001 0,61 <,0001 <,0001 <,0001  <,0001 

Output based 
TFP growth 
(tfpyu) 

1108 1108 1108 1108 1108 1117 1117 1108 

0,02 0,08 0,18 0,14 -0,05 0,05 0,35 1,00 

0,54 0,00 <,0001 <,0001 0,07 0,08 <,0001  

Labour 
productivity 
(lproduty) 

1326 1326 1326 1326 1108 1108 1108 1326 

0,71 0,33 -0,12 0,38 0,51 0,00 0,05 0,03 

<,0001 <,0001 <,0001 <,0001 <,0001 0,99 0,11 0,23 

Capital
intensity
(lcapints)

1326 1326 1326 1326 1108 1108 1108 1326 

-0,47 -0,25 0,96 0,08 -0,63 0,07 -0,04 0,20 
<,0001 <,0001 <,0001 0,00 <,0001 0,01 0,14 <,0001 

R&D inten-
sity (lrdint) 

1326 1326 1326 1326 1108 1108 1108 1326 
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Table 9b. Selected correlations at the plant panel, OLS, no dummies (model 
D0)* 

  Elasticity 
of capital 

(elask)

Elasticity 
of labour 

(elasl)

Elasticity 
of R&D 
(elasr)

Scale
elasticity

(rts)

Technical
change
(elast)

TFP2u
growth
(tfpyu) 

TFP1u
growth
(tfpxu) 

Labour 
productivity 
(lproduty) 

-0,04 0,01 0,22 0,09 -0,06 0,49 0,10 0,00 
0,14 0,68 <,0001 0,00 0,04 <,0001 0,00 0,88 

Growth of 
R&D (gr) 

1102 1102 1102 1102 1102 1102 1102 1102 

0,13 0,18 0,04 0,19 0,12 0,37 0,82 0,36 
<,0001 <,0001 0,16 <,0001 0,00 <,0001 <,0001 <,0001 

Growth of 
value-added
(gy) 

1102 1102 1102 1102 1102 1102 1102 1102 

0,07 0,10 0,02 0,10 0,05 0,41 0,26 0,06 
0,02 0,00 0,52 0,00 0,07 <,0001 <,0001 0,04 

Growth of 
physical 
capital (gk) 

1102 1102 1102 1102 1102 1102 1102 1102 

0,08 0,20 0,03 0,19 0,09 0,47 0,34 0,04 
0,01 <,0001 0,26 <,0001 0,00 <,0001 <,0001 0,15 

Growth of 
labour (gl) 

1102 1102 1102 1102 1102 1104 1104 1102 

-0,12 -0,11 -0,08 -0,15 -0,05 -0,06 -0,10 -0,29 
<,0001 0,00 0,00 <,0001 0,09 0,04 0,00 <,0001 

Log of debt 
ratio

1151 1151 1151 1151 949 958 958 1151 

0,06 0,04 0,03 0,06 0,06 0,12 0,25 0,28 
0,04 0,19 0,41 0,07 0,08 0,00 <,0001 <,0001 

Log of 
Lerner index 

1012 1012 1012 1012 859 865 865 1012 

0,00 0,00 0,01 0,00 -0,04 0,12 0,39 0,84 
0,92 0,97 0,80 0,96 0,20 <,0001 <,0001 <,0001 

Technical
efficiency 
(method of 
moments) 1326 1326 1326 1326 1108 1117 1117 1326 

0,26 0,18 0,01 0,21 0,18 0,00 0,11 0,14 
<,0001 <,0001 0,85 <,0001 <,0001 0,89 0,00 <,0001 

Firm age 

1326 1326 1326 1326 1108 1115 1115 1326 

0,63 0,90 0,22 0,94 0,62 0,20 0,22 0,16 
<,0001 <,0001 <,0001 <,0001 <,0001 <,0001 <,0001 <,0001 

Firm size 

1287 1287 1287 1287 1079 1080 1080 1287 

-0,06 0,02 0,23 0,09 -0,11 -0,05 -0,02 0,09 
0,03 0,54 <,0001 0,00 0,00 0,08 0,59 0,00 

Localisation
or cluster 
size

1324 1324 1324 1324 1107 1115 1115 1324 

-0,09 -0,05 0,20 0,02 -0,17 -0,05 -0,04 0,09 
0,00 0,08 <,0001 0,45 <,0001 0,10 0,16 0,00 

Urbanisation
or city size 

1326 1326 1326 1326 1108 1117 1117 1326 

0,08 0,12 0,06 0,14 -0,02 0,01 0,01 -0,05 
0,00 <,0001 0,02 <,0001 0,41 0,75 0,78 0,08 

Foreign
ownership

1326 1326 1326 1326 1108 1117 1117 1326 

5.6 Technical Change 

Technical change has been significantly R&D saving and (non-R&D) labour  
using, and yet very rapid, as Tables 7a, 7b and 8a reveal. They also reveal R&D 
to be a significant substitute to labour and capital. These should have important 
implications for policy effectiveness. Namely, R&D support should become an 
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increasingly ineffective means of encouraging ICT firm success, although it may 
have supported highly paid R&D jobs at the cost of physical capital investment 
or non-R&D employment.  

Parallel to divergent plant and firm level efficiency results, plant and firm level 
technical change appear to move in opposite directions in the OLS results. That 
is, plant level OLS results produced dramatically decelerating technical change 
over time, in contrast to the rapidly rising technical change from firm level esti-
mates. Meanwhile, plant level maximum likelihood results proved doubtful due 
to the predominance of negative capital elasticities. Negative capital elasticities 
may, of course result from short-term adjustment costs at the plant level, while 
being assimilated at the firm level.  

Decelerating technical change reveals the maturing of the technology in ICT 
components towards standardised mass production. Yet, together with technical 
efficiency, firm level technical progress may persist to the extent that productiv-
ity growth is related to e.g., organisational issues from multi-plant activities, 
rather than actual production technologies.  

The rate of technical change has decelerated at the plant level in all regions, but it 
has been fastest in sparsely populated areas (Figures 4a, 4b and 4c). Conse-
quently, they appear to have reached more populated regions in technical effi-
ciency levels, despite their lower R&D intensities.

Rapid technical change in less dense areas can result from internal firm knowl-
edge flows. R&D elasticities appear highest in larger clusters and cities (Table 6). 
R&D intensity, R&D elasticity (Table 9a) and growth of R&D (Table 9b) show a 
negative correlation with technical change even at the plant level of disaggrega-
tion. Agglomerations may be centres of product innovations, while technical 
change may increasingly result from process innovation without specific R&D 
outlays.

The most plausible explanation is that innovations are developed in large clus-
ters, while their efficient application to production receives weight in sparsely 
populated areas, as the negative correlation of R&D intensity with the elasticities 
of capital and labour suggest (Table 9a). It is common knowledge that firms fre-
quently locate their R&D activities near universities or in other R&D clusters, 
and share the knowledge gained with all units within the firm, while research has 
found this to be particularly relevant in the case of science-based innovation, 
which is more likely to be located far from production. Small and medium-sized 
innovators may wish to remain in the vicinity of universities, competitors and 
markets to collaborate or keep up with new product related technological devel-
opments. Large firms may also use their plants in small areas as testing grounds 
for new technologies to minimise horizontal spillovers, i.e., knowledge spillovers 
to their competitors. 
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Nevertheless, internal firm technology transfer is not the entire story, because 
sparsely populated areas enjoyed highest technical change even at the firm level. 
Smaller areas have few observations in both absolute and relative terms and 
hence a few outliers may distort results in their favour. In addition, the large 
number of under 20-employee firms not included in the sample may bias results. 
Micro-firms in sparsely populated areas offer no cluster advantages, so that rapid 
technical change on their part would be highly unexpected. Yet, technical change 
was significantly R&D saving and labour using, and the overall weaker perform-
ance of cities suggests that, while they may uphold their role as centres of inno-
vation, technical change and productivity growth points may be increasingly 
shifting elsewhere as the industry matures (Tables 7a, 7b and 8a).

In conclusion, hypotheses 2 and 3 on the presence and permanency of innovation 
advantages in the largest clusters do not receive support with respect to technical 
change. The persistency of innovation advantages (hypotheses 3 and 4) appears 
also irrelevant as technical change has been R&D saving and (non-R&D) labour 
using.

TC, loc, type, D0, plant
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Figure 4a.  Evolution of Average Technical Change by Size of ICT Cluster, fixed 
effects (D2) plant model, 1990–2003.
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Figure 4b.  Evolution of Average Technical Change by Size of Cluster, pooled 
(D0) plant model, 1990–2003.
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Figure 4c.  Evolution of Average Technical Change by Size of Urban Area, fixed 
effects (D2) plant model, 1990–2003.
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5.7 Correlations and Firm Behaviour Patterns  

High correlations suggest strong collinearity between factor inputs. This is typi-
cal of translog production functions, as inputs are never perfect substitutes of 
each other. Condition index test results confirm high collinearity7, but variance 
proportions suggest that it is not severe (> 0.5), except for a few interactions. 
That is, for (i) time and R&D with fixed capital (tr with k) and (ii) labour (tr with 
l), (iii) labour and R&D with the square term of fixed capital (lr with k2), and (iv) 
fixed capital and R&D with the square term of labour (kr with l2). For interpreta-
tion, this means that the substitutability of R&D with labour and capital may not 
be as clear as results would suggest. Normalisation of the variables could have 
reduced the respective standard errors, but it would not have changed the esti-
mates.

Judging by correlations, firms invest in R&D when their elasticity of R&D or 
TFP growth is high. This is as expected, since new employees are likely to be 
hired when productivities are good. In addition, correlations suggest that scale 
elasticity is most related to the elasticity of labour (Table 9a). Labour productiv-
ity correlates with labour, R&D and scale elasticity as well as input based TFP  
growth (Table 9a). Capital intensity correlates significantly with the elasticities 
of labour, capital and scale as well as technical change (due to capital embodied 
technical change), but negatively with the elasticity of R&D (Table 9a). Size and 
age correlate generally significantly and positively with productivities (Table 9b).
Investments in fixed capital correlated unexpectedly significantly with the elas-
ticity of labour and scale, and most of all, TFP growth, instead of with the elas-
ticity of capital. Firms’ value-added appears to grow with all components  
of productivity, except with the elasticity of R&D capital, which is surprising 
since one would expect R&D investments to contribute to value-added growth 
(Table 9b). The reason may be declining export prices, i.e., value-added would 
decline even more in the absence of R&D. 

5.8 Competition and Other Determinants of Efficiency 

The size of the local market in terms of end consumers can reasonably confi-
dently be argued to be of little significance in this internationalized industry. 
Hence, the competition measure was specified as a firm specific Lerner index 
based on firm operating profit divided by the value of gross output (turnover). 
This differs from the profitability measure in the efficiency analysis, in that it 
relates operating profits to the number of employees instead of turnover. Never-
theless, the two measures are bound, and the Lerner index is also a profitability 
measure.
_____________________
7 Belsley, Kuh and Welsch (1980) propose that a condition index of 30 to 100 indicates moderate to strong collinearity. For this
translog function, 30 was reached immediately following the extension of the Cobb-Douglas model to include square terms, and 100
was surpassed with the interaction terms of the factor inputs. At the same time, test results clearly rejected the Cobb-Douglas model. 
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Firm size and profitability impacts appear to dominate efficiency results leaving 
location only marginal impacts (1st column, Appendix Table 8b). Results show 
that the more profitable firms and plants tend to be also the most efficient. Since 
it is unintuitive that competitive pressure in the form of reduced profit margins 
would weigh negatively on efficiency, it is more likely that the causality runs 
from efficiency to profitability. 

Also profit margins may therefore be a poor measure of competition in this in-
dustry due to efficiency rents. Carlsson (1972) provides an explanation with an 
exception to most empirical studies which have found competition to improve 
efficiency. He found productive efficiency to increase with producer concentra-
tion, and explained it by the small size of the Swedish market relative to econo-
mies of scale in manufacturing. In addition, Demsetz (1974) has put forward the 
proposition that corporate profits may represent efficiency rents rather than  
monopoly profits. This seems to be, more likely, the case in the Finnish ICT 
equipment industry. First, profits are distributed rather evenly across different 
sized firms. Second, the Lerner index and technical efficiency correlate positively 
and significantly with output- and input-based TFP and labour productivity  
(Table 9b). Third, productivities correlate negatively with debt levels (Table 9b), 
and high debts and losses contribute significantly to inefficiency.

Efficiency rents and monopolistic profits (due to the dominance of one large 
buyer firm over many suppliers) may also coexist according to Caves (2007). 
Indeed, recent developments in terms of rapid growth and globalisation of the 
ICT industry allows for competition and the reaching of scale efficiency despite 
the relatively small size of the local Finnish market, particularly by large firms 
that enjoy scale related efficiency rents. Monopolistic or oligopolistic power is, 
however, limited to upstream supplier relationships, for which competition may 
be more constrained geographically. Meanwhile, downstream competition is as 
fierce as global markets mould it. 

The evaluation of the relevance of the inverted U-curve theory of Aghion et al. 
(2005) on the interdependency between innovation and competition is compli-
cated if profit margins provide an inadequate measure of the level of competition. 
The other evidence suggests increasing returns to scale (favouring a natural mo-
nopoly), and highly uneven competitive conditions, with frontier firms enjoying 
a large lead relative to laggards in all respects. Declining technical change at the 
plant level (OLS estimations, Figures 4a, 4b and 4c) suggests that Finnish ICT 
firms are approaching price competition in production associated with a decline 
in innovation. Price competition should show up in higher efficiency. The fact 
that it does not among smaller firms, may be due to their scale disadvantage. As 
discussed in Berghäll (2006c), smaller firms are relatively more R&D intensive, 
i.e., innovation oriented, but highly increasing scale elasticities leave them at a 
serious disadvantage relative to large firms. Thus, in the inverted u-curve terms, 
smaller firms appear to have attempted to escape competition by means of inno-
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vation, but mostly with little success. The best chance small firms appear to have, 
is to be acquired by a larger one. In addition to pure scale effects, mergers offer 
scope for rising firm level technical change and efficiency by means of, e.g.,  
organisational innovations in multi-plant activities.
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6. Discussion on R&D policy implications 

The first aim of this study was to uncover agglomeration economies with the help 
of stochastic frontier methodology. This method proved unreliable in its ability to
quantify the precise magnitude of agglomeration economies, but useful in terms 
of revealing significant developments in their respect. Hence a major empirical 
result of the paper is the allocation of increasing returns to scale to internal fac-
tors, such as firm size and industry characteristics, as opposed to external 
economies of scale related to the location of production, i.e., agglomeration 
economies.

As for theory, the empirics suggest that the inverted U-curve theory would ap-
pear to fit badly into the Finnish ICT reality. This is probably due to its excessive 
focus on appropriability conditions of innovations related to the intensity of 
competition. Appropriability conditions are important, but rarely critical if  
demand conditions are good and technologies rapidly progressing. In contrast, 
the rate of innovation in the industry is first and foremost determined by techno-
logical opportunity and demand pull conditions, which are largely exogenous and 
given from abroad. Since the ICT industry dominates R&D in Finnish manufac-
turing, the inverted U-curve relationship is unlikely to be found for Finnish 
manufacturing at large, even though smaller individual industries may provide an 
exception. Thus country size and industry specific technological conditions may 
define the suitability of the theory to individual cases.

Competitive and innovation conditions can, at least to some extent, be tampered 
with, by e.g. generous R&D support to bridge the disincentive gap between pri-
vate and social returns – hence their appeal. Focusing on them may, nevertheless, 
be misleading and divert attention from developments over the industry life  
cycle, which appears to offer a more fitting description of developments within 
the industry. Thus, the evidence is more in favour of hypothesis 6 than 5. That is, 
innovation considerations have given room to efficiency and competition con-
cerns with the maturing of the technology over the industry life cycle, with asso-
ciated agglomeration economy developments. The inverted U-curve relationship 
is therefore refuted as a static representation, but not over the long term. If com-
petition increases gradually over time, the relationship could hold well over the 
industry life cycle.

Results therefore lend firmer support to the industry (technology) life cycle the-
ory. Overall, the evolution of the industry appears to have been dominated first 
by ideas and new products, subsequent commercialisation and flexibility in pro-
duction, followed by scale economies and, more recently, global outsourcing to 
reduce costs and conquer new markets. R&D subsidies and clusters were impor-
tant to small firms at the emerging stage. At the growth stage, high returns and 
productivity were more defined by responsiveness to market demand than effi-
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ciency, while localisation considerations continued to be critical with respect to 
innovation. As the technology has matured, efficiency and location economies 
have been increasingly sought from locations offering cost advantages. These 
locations have at the same time opened new low price markets to producers, and 
innovations have become increasingly market oriented, i.e., more D for develop-
ment than R for research, with a constant focus on processes (costs). In recent 
years, the industry has therefore enjoyed global demand growth, vertical knowl-
edge flows and internal scale economies far above external economies of scale. 
In general, market size and optimal efficient scale correlate strongly (Caves, 
2007). Since the globalisation of the industry guarantees large market size, one 
should expect large scale elasticities to dictate future developments.

With respect to the literature, results lend support to the simulations on German 
data of Wersching (2007) suggesting that young industries find agglomerations 
attractive to gain innovation advantages particularly in products. No clear evi-
dence was found in favour of technical efficiency as an indicator of agglomera-
tion economies, as Mitra and Sato (2006) did. Since internal economies of scale 
appear to dominate external ones, the findings of Badunenko et al. (2006) and 
Berghäll (2006c) with respect to firm size are endorsed.

Policy-wise, the results on R&D elasticities, correlations and technical change 
and efficiency, as well as TFP underscore a crucial point: R&D productivity  
appears to have weakened with agglomeration economies and the industry life 
cycle. The maturing of the underlying technology towards mass production is 
well under way, with R&D saving and labour using technical change, and policy 
needs to account for this change.

In addition to the simple fact that about 80 % of firms are located in larger  
agglomerations, the only estimation result that substantiated agglomeration 
economies proved to be systematically higher R&D elasticities. Yet, caution is 
necessary with respect to results based on R&D, since its distribution plant-wise 
within firms is unknown. There are several reasons for this constellation pattern:

(i) Technological diffusion in product related innovations and ideas may 
continue to dictate location decisions over production costs. Even if  
agglomeration economies have weakened, small innovators may wish 
to remain in the vicinity of universities, competitors and markets due to 
the innovation, knowledge-base, and technological diffusion advantages 
they present;

(ii) Second, sparsely populated areas may not offer sufficient conditions in 
terms of the availability of resources, even if they may be more produc-
tive when available. Clusters and urban areas offer large pools of  
labour, services and other factors of production, which in combination 
generate strong location specific advantages and path dependence. Spe-
cialised educated personnel are necessary if only to catch up with the 
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industry’s best-attainable frontier by means of imitation. E.g., Piekkola 
(2006) has explained the divergence in productivity growth between  
regions by the agglomeration of knowledge capital. Above all, the pres-
ence of a large pool of educated workforce gives the Helsinki region an 
overwhelming innovation and competitive advantage relative to other 
regions, going far beyond mere R&D investment rates. The Helsinki 
region enjoys also urbanisation economies with its varied production 
structure. It offers ICT services and hosts other highly R&D intensive 
industries accounting for 42 % of total R&D expenditure in all sectors 
in Finland (Hernesniemi & Kulvik, 2006). Due to the availability of  
inputs and proximity of markets, entrepreneurship conditions may be 
superior in agglomerations even if there are congestion related cost dis-
advantages;  

(iii) Third, the true option to the city may be found abroad. At least recent 
evidence in the sector suggests that when the marginal firm finally  
decides to move out or cut down its operations in a cluster, it may opt 
for outward FDI or off-shoring rather than smaller towns. 

One should also note that estimation results regarding sparsely populated areas 
may be distorted by a few outliers. Namely, more rapid technical change in 
sparsely populated areas is more likely a result of a few exceptionally successful 
technological adoptions representing catch-up, rather than innovation with  
substantial R&D outlays.

Policy-wise, the results have important implications with respect to R&D sup-
port, even though it was not included in the analysis. The results showed sparsely 
populated regions to have been surprisingly successful with respect to technical 
change and TFP growth. Yet, contrary to the suggestions of Susiluoto (2003), the 
deployment of R&D subsidies as instruments of regional policy is not advised to 
attract ICT firms to bring about high-value added jobs and growth. This is due to 
several reasons.

First, R&D intensity does not appear to have been central to technical change.  
Table 9a shows that the correlation between R&D intensity and technical change 
has been negative (-0.63). Instead, technical change was significantly R&D sav-
ing and (non-R&D) labour using (Tables 7a, 7b and 8a). R&D subsidies may 
therefore be an increasingly ineffective means of encouraging ICT firm success. 
This view is supported by the findings of Devereux, Griffith and Simpson 
(2007), who argue that firms are less responsive to government subsidies in areas 
where there are fewer existing plants in their industry. Therefore, R&D subsidies 
may not succeed in bringing about a move to begin with. 

Second, policy-makers cannot in general motivate R&D subsidies by the lack of 
technical change, since this was found not to be the case in the Finnish ICT  
industry. Even though technical change decelerates at the plant level, subsidies 
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cannot tackle diminishing technological opportunity resulting from shifts in the 
industry life cycle.

Third, if regional policy weakens the location specific innovation advantages 
some clusters have been able to build, it undermines the prospects of sustaining a 
strong ICT cluster in Finland. The deployment of R&D subsidies as instruments 
of regional policy may harm long term competitiveness in dispersing innovation 
intensive activities to low spillover areas and by disrupting the creation of persis-
tent location-specific advantages for sustained productivity growth, although it 
should be clear that public funds should not contribute to dismantling established 
high-tech clusters. 

There is little rationality in subsidizing R&D in companies operating in the 
woods, as the positive externality effects on the domestic economy of such sub-
sidies mostly evaporate into the fresh country air. The rationality of R&D subsi-
dies is based on spillovers, i.e., social returns in excess of private returns that 
would not materialize in the absence of subsidies. R&D by nature creates new 
knowledge and technology, while building on existing knowledge. An essential 
aspect to it is active learning and absorbing from others. This aspect is less effec-
tive in an area where there are fewer firms or linkages to learn from. Firms in 
sparsely populated areas should show lower R&D productivity, as they do on 
average. In fact, ordinary subsidies are likely to be more effective since they do 
not distort resource allocation to wasteful R&D.  

The weakening of urbanisation advantages can prove even more detrimental in 
the long-term for the emergence of new innovative industries. Cities may not be 
the best locations to improve efficiency, but global outsourcing offers attractive 
alternatives. Policy-makers can no longer think town vs. country, since the true 
set-up in export industries can be domestic vs. low cost locations abroad. ICT 
firms are bound to be among the most apt at applying the latest ICT technology 
to reduce distance related transactions costs and knowledge barriers. If R&D 
subsidies are large enough to determine location over other considerations, they 
probably introduce serious distortions undermining long term competitiveness.

The evidence in favour of the life cycle hypothesis calls for a more dynamic  
approach to R&D policy, i.e., to respond to the maturing of the underlying  
technology towards mass production, characterised by R&D saving and labour 
using technical change. ICT has demonstrated outstanding growth effects at the 
global level for decades now, and it is no surprise that anything associated with 
the sector appears very productive. Since the ICT sector has been responsible for 
the overwhelming bulk of R&D in Finland, R&D emerges as a prolific input also 
at the national level. Its superior performance may, however, have been limited 
to the emergence and growth cycle stages, which are gradually over in the indus-
try.
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Considering the discussion with respect to firm size in Berghäll (2006c) and the 
above facts, increasing scale elasticities provide an explanation to why so few 
high growth entrepreneurs emerge in the industry and Finnish firms fail to grow, 
despite all public efforts and support, and why mergers and acquisitions (M&A) 
activity is high in the industry. Since R&D is a significant substitute to labour 
and capital (Tables 7a, 7b and 8a), plants appear to have adopted different strate-
gies, with small firms investing relatively more in innovation, while larger ones 
focus on production efficiency. Yet, more R&D does not seem to save small 
firms unless it inclines a large firm to take them over. When the acquirer is for-
eign, innovations developed with the help of R&D support may actually spill 
directly abroad. As innovation becomes increasingly incremental, development 
and market oriented to satisfy consumer tastes, competition on global markets is 
likely to gradually toughen to include cost and efficiency aspects and proximity 
to markets. Small firms may encounter insurmountable natural impediments that 
prevent them from catching-up with frontier firms and reaching optimal scale and 
mix of internal firm capacities, leaving them trapped in sub-optimal scale in  
research and production, from where they can only be saved by a takeover. This 
is in line with what Caves (2007) has argued on competition and strategic inter-
action that lead to inefficient equilibria characterised by inappropriate outlay  
levels on research.

In addition, the results support views that place organizational or managerial 
change, to accelerate (ICT assisted) technical change and raise firm level techni-
cal efficiency, at the forefront of measures to raise productivity growth. That is, 
decelerating technical change at the plant level, while having been fastest in 
sparsely populated areas, reveals the maturing of the technology in ICT compo-
nents towards standardised mass production. Meanwhile, firm level technical 
progress may persist to the extent that productivity growth is related to e.g.,  
organisational issues from multi-plant activities, rather than actual production 
technologies.  

Considering organisational redesign needs and R&D saving and labour using 
technical change, off-shoring is a natural step and more likely a long-term global 
phenomenon in the life-cycle evolution of the electronics industry. Firms foresee-
ing these developments may prepare for it well in advance by shifting productive 
capacities to lower labour cost and high market potential countries, particularly 
since host countries’ technological capacities and markets are also expanding 
rapidly. Indeed, after the burst of the stock market bubble in 2000, Finnish ICT 
firms have invested and expanded their activities increasingly overseas, particu-
larly in rapidly growing Asian markets, such as China and India, as well as in 
Central and Eastern Europe. After all, expectations are critical in investment, and 
off-shoring offers an alternative means for an inefficient lagging firm to escape 
the constraints of the domestic market or start over in new surroundings full of 
opportunity. Cross-border knowledge flows and technological diffusion are  
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facilitated in large global firm networks, not to mention the direct market size 
effect and multi-plant economies.

To tackle the mounting challenges, Finnish innovation policy should not get 
stuck in the emergence phase while the industry has moved on to the next stage. 
Policy that focuses excessively on radical innovations may bring about growing, 
and yet low returns at very high risks. Meanwhile, calls for concentration of pub-
lic efforts into leading industries on which technologies are already at the indus-
try frontier, may merely reach firms at the point they are getting ready to off-
shore activities to lower cost countries. Cashing in on the growth stage is essen-
tial for productivity growth and technical change. The life cycle literature offers 
us a crucial reminder of the futility of ignoring technological opportunities and 
their potentially dramatic changes over time. Low returns to R&D support should 
be no surprise if subsequent phases and the gradual maturing of technologies are 
ignored.

In the ICT industry, the creation of persistent location specific competitive 
advantages may be partly beyond reach due to the industry life cycle, technologi-
cal scope and policy restraints. Yet, there remains plenty of scope for incremental 
innovation, productivity growth and efficiency improvements, as well as policy 
measures e.g., in regard to labour availability and know-how. Combining the 
benefits of scale elasticities, multi-plant and agglomeration economies presents 
domestic firms with a means to combat rising price competition in the industry’s 
present life cycle and globalization stage.

At the same time, emerging technologies may need innovation support and exist-
ing clusters reorientation support. To be persistent, location specific advantages 
need to be able to catch-up with and ride new technological waves. Existing clus-
ters may weaken naturally with the industry life cycle, and new clusters emerge 
elsewhere due to technological lock-in and path dependence, particularly in sin-
gle industry clusters. Diverse cities are better positioned to enjoy persistent inno-
vation advantages. To summarize, policy should focus on providing  
(i) innovation support to emergent technologies with high growth potential, and 
(ii) reorientation support to existing clusters.



48

References 

Àcs, Z. – Audretsch, D. (1990): Innovation and Small Firms. MIT Press, Cambridge, 
MA.

Àcs, Z. – Varga, A. (2005): Entrepreneurship, agglomeration and technological change. 
Small Business Economics 24(3), 323–334.  

Aghion, P. – Bloom, N. – Blundell, R. – Griffith, R. – Howitt, P. (2005): Competition 
and Innovation: An Inverted-U Relationship. Quarterly Journal of Economics 120(2), 
701–728.

Agiomirgianakis, G. – Asteriou, D. – Papathoma, K. (2003): The determinants of for-
eign direct investment: A panel data study for the OECD countries. City University of 
London, Department of Economics, Discussion Paper series No. 6. 

Audretsch, D. (1995): Innovation and Industry Evolution. MIT Press, Cambridge, MA. 
Audretsch, B.D. – Feldman, M.P. (1996): Innovative clusters and the industry life cycle. 

Review of Industrial Organization 11, 253–273.
Audretsch, D. (1998): Agglomeration and the location of innovative activity. Oxford 

Review of Economic Policy 14(2), 18–29.  
Badunenko, O. – Fritsch, M. – Stephan, A. (2006): What Determines the Technical  

Efficiency of a Firm? The Importance of Industry, Location and Size. Jenaer 
Schriften zur Wirtschaftswissenschaft 33/2006, Friedrich-Schiller-Universität Jena, 
Wirtschaftswissenschaftliche Fakultät. 

Baptista, R. (1997): An Empirical Study of Innovation, Entry and Diffusion in Industrial 
Clusters. PhD dissertation, University of London (London Business School).

Barrell, R. – Pain, N. (1999): Real exchange rates, agglomerations, and irreversibilities: 
macroeconomic policy and FDI in EMU. Oxford Review of Economic Policy 14, 
152–167.

Barrios, S. – Görg, H. – Strobl, E. (2006): Multinationals' Location Choice, Agglomera-
tion Economies, and Public Incentives. International Regional Science Review, Vol., 
29: 81–107.

Battese, G.E. – Coelli, T.J. (1995): A model for technical inefficiency effects in a sto-
chastic frontier production function for panel data, Empirical Economics Vol. 20,  
No. 2, 325–332.

Belsley, D.A. – Kuh, E. – Welsch, R.E. (1980): Regression Diagnostics: Identifying 
Influential Observations and Sources of Collinearity. New York, John Wiley and 
Sons.

Berghäll, E. – Heikkilä, T. – Hjerppe, R. – Kiander, J. – Kilponen, J. – Lavrac, V. – 
Stanovnik, P. (2002): The role of science and technology policy in small economies. 
VATT Research Reports 91, Government Institute for Economic Research, Helsinki.  

Berghäll, E. (2006a): Technical efficiency in an R&D intensive industry: Finnish ICT 
manufacturing. VATT Discussion Papers 389, Government Institute for Economic 
Research, Helsinki.  

Berghäll, E. (2006b): R&D and productivity growth in Finnish ICT manufacturing. 
VATT Discussion Papers 388, Government Institute for Economic Research,  
Helsinki.

Berghäll, E. (2006c): Technical change, efficiency, firm size and age in an R&D inten-
sive sector. VATT Discussion Papers 390, Government Institute for Economic  
Research, Helsinki.  

Braunerhjelm, P. – Svensson, R. (1996): Host country characteristics and agglomeration 
in foreign direct investment. Applied Economics 28(7), 833–840.  



49

Carlsson, Bo (1972): The measurement of efficiency in production: an application to 
Swedish manufacturing industries, 1968. Swedish Journal of Economics 74, 468–
485.

Castellani; D. – Zanfei, A. (2007): Internationalisation, Innovation and Productivity: 
How Do Firms Differ in Italy? The World Economy, Vol. 30, No. 1, 156–176.  

Caves, Richard E. (2007): In praise of the Old I.O. International Journal of the Industrial 
Organization 25(2007), 1–12. 

Daveri, F. – Silva, O. (2004): Not only Nokia: what Finland tells us about new economy 
growth. Economic Policy 38, 117–163. 

Demsetz, H. (1974): Two systems of belief about monopoly. In: Goldschmid, H. – 
Mann, H. – Weston, J. (Eds.), Industrial Concentration: The New Learning. Little 
Brown, Boston, 164–184.

Devereux, Michael P. – Griffith, Rachel – Simpson, Helen (2007): Firm location deci-
sions, regional grants and agglomerations externalities. Journal of Public Economics 
91 (2007), 413–435.

Dieperink, H. – Nijkamp, P. (1987). Innovative behavior, agglomeration economies and 
R&D infrastructure. Empirical Economics 13(1), 35–57.  

Driffield, N. – Munday, M. (2000): Industrial performance, agglomeration, and foreign 
manufacturing investment in the UK. Journal of International Business Studies 31, 
21–37.

Driffield, N. – Munday, M. (2001): Foreign Manufacturing, Regional Agglomeration 
and Technical Efficiency in UK industries: A Stochastic Production Frontier
Approach. Regional Studies, Vol. 35, Issue 5, 391–399.  

Dunning, J. – Narula, R. – (1995): The R&D activities of foreign firms in the United 
States. International Studies of Management & Organization, 25, 39–73. 

Fallick, B. – Fleischman, C.A. – Rebitzer, J.B. (2006): Job-hopping in Silicon Valley: 
Some evidence concerning the microfoundations of a high-technology cluster. The 
Review of Economics and Statistics 88, 472–481.  

Feldman, M.P. – Audretsch, B.D. (1999): Innovation in Cities: Science-Based Diver-
sity, Specialization and Localized Competition. European Economic Review 43,  
409–429.

Fritsch, M. (2004): Cooperation and the Efficiency of Regional R&D Activities.
Cambridge Journal of Economics, 28, 829–846.  

Greene, W. (1980). Maximum Likelihood Estimation of Econometric Frontier Func-
tions. Journal of Econometrics 13, 27–56.

Gholami, R. – Sang-Yong, T.L. – Heshmati, A. (2006): The causal relationship between 
information and communication technology and foreign direct investment. World 
Economy 29, 43–62. 

Grossman, G.M. – Helpman, E. (1991): Innovation and Growth in the Global Economy, 
The MIT Press, Cambridge, Massachusetts.  

Guimaraes, P. – Figueiredo, O. – Woodward, D. (2000): Agglomeration and the loca-
tion of foreign direct investment in Portugal. Journal of Urban Economics 47, 115–
135.

Hall, Bronwyn (2006): Research and Development. Contribution to the International 
Encyclopedia of the Social Sciences, second edition, December 2006.  

Head, C. – Ries, J. – Swenson, D. (1995): Agglomeration benefits and locational 
choice: Evidence from Japanese manufacturing investments in the United States. 
Journal of International Economics 10, 92–116.  

Henderson, V. (1988): Urban Development: Theory, Fact, and Illusion, New York,
Oxford University Press.  



50

Hernesniemi, H. – Kulvik, M. (2006): Helsingin seudun klusterit sekä erikoistuminen 
bioteknologiaan ja logistiikkaan. ETLA Discussion Papers No. 1013. 

Ilmakunnas, P. – Maliranta, M. (2004): Foreign Medicine: A Treatment Effect Analysis 
of the Productivity Effects of Foreign Ownership. Applied Economics Quartely 1, 
41–60.

Jacobs, J. (1969): The Economy of Cities. New York.  
Kleinknecht, A. – Poot, T. (1992): Do regions matter for R&D? Regional Studies 26 

(3), 221–232.
Klepper, Steven (1996): Entry, Exit, Growth, and Innovation over the Product Life

Cycle. The American Economic Review 86(3), 562–583. 
Koski H. – Rouvinen, P. – Ylä-Anttila, P. (2002): ICT clusters in Europe: The great 

central banana and small Nordic potato. Information Economics and Policy 14,  
145–165.

Maliranta, M. (2003): Micro Level Dynamics of Productivity Growth. An empirical 
Analysis of the Great Leap in Finnish Manufacturing Productivity in 1975–2000. 
ETLA A 38, The Research Institute for the Finnish Economy. 

Mariani, M. (2002): Next to production or to technological clusters? The economics and 
management of R&D location? Journal of Management and Governance 6(2), 131–
152.

Martin, R. – Criscuolo, C. (2005): Multinationals and US Productivity Leadership: Evi-
dence from Great Britain. AIM Working Paper, Advanced Institute of Management 
Research.

Mitra, A. – Sato, H. (2006): Agglomeration Economies in Japan. Discussion Paper No. 
48, Institute of Developing Economies. Jetro, Chiba.  

Pajarinen, M. – Ylä-Anttila, P. (2001): Maat kilpailevat investoinneista – teknologia 
vetää sijoituksia Suomeen. The Research Institute for the Finnish Economy (ETLA), 
B173 Series, Taloustieto Oy, Helsinki. 

Piekkola, H. (2006): Knowledge and innovation subsidies as engines for growth. The 
competitiveness of Finnish regions. The Research Institute for the Finnish Economy 
(ETLA), B216 Series, Taloustieto Oy, Helsinki.  

Raab, R. – Kotamraju, P. (2006): The Efficiency of the High-Tech Economy: Conven-
tional Development Indexes versus a Performance Index. Journal of Regional Science 
46 (3), 545–462.

Romer, P.M. (1990): Endogenous technological change. Journal of Political Economy 
98, 71–102. 

Schmitz, H. (1999): Collective efficiency and increasing returns. Cambridge Journal of 
Economics, 23, 465–483. 

Susiluoto, I. (2003): Effects of ICT on regional economic efficiency. Helsinki City  
Urban Facts Office: web publications 2003, 16: 
http://www.hel2.fi/tietokeskus/julkaisut/pdf/03_12_30_susiluoto_vj16.pdf.

Venables, A. (1996): Equilibrium locations of vertically linked industries. International 
Economic Review 37, 341–59.  

Wersching, K. (2007): Agglomeration in an Innovative and Differentiated Industry with 
Heterogenous Knowledge Spillovers. Journal of Economic Interaction and Coordina-
tion, Vol. 2, No. 1, 1–25.



VATT-KESKUSTELUALOITTEITA / DISCUSSION PAPERS ISSN 0788-5016
- SARJASSA ILMESTYNEITÄ

381. Hjerppe Reino – Kiander Jaakko – Virén Matti: Are Government Expenditure 
Productive? Measuring the Effect on Private Sector Production. Helsinki 2006. 

382. Riihelä Marja – Sullström Risto: Väestön ikääntyminen, kulutus, säästäminen ja 
eriarvoisuus. Helsinki 2006. 

383. Hynninen Sanna-Mari – Kangasharju Aki – Pehkonen Jaakko: Regional Matching 
Frictions and Aggregate Unemployment. Helsinki 2006. 

384. Ghatak Subrata – Sánchez-Fung José R.: Is Fiscal Policy Sustainable in Developing 
Economies? Helsinki 2006. 

385. Lyytikäinen Teemu: Rent Control and Tenants’ Welfare: the Effects of Deregulating 
Rental Markets in Finland. Helsinki 2006. 

386. Riihelä Marja: Kotitalouksien kulutus ja säästäminen: Ikäprofiilien ja kohorttien 
kuvaus. Helsinki 2006. 

387. Siivonen Erkki: Finanssisäännöt ja varallisuusoikeudet julkisten investointien 
analyysissa. Helsinki 2006. 

388. Berghäll Elina: R&D and Productivity Growth in Finnish ICT Manufacturing. 
Helsinki 2006. 

389. Berghäll Elina: Technical Efficiency in an R&D Intensive Industry: Finnish ICT 
Manufacturing. Helsinki 2006. 

390. Berghäll Elina: Technical Change, Efficiency, Firm Size and Age in an R&D 
Intensive Sector. Helsinki 2006. 

391. Ervasti Heikki – Venetoklis Takis: Unemployment and Subjective Well-being: Does 
Money Make a Difference? Helsinki 2006. 

392. Hietala Harri – Kari Seppo: Investment Incentives in Closely Held Corporations and 
Finland’s 2005 Tax Reform. Helsinki 2006. 

393. Räisänen Heikki: Kaksi näkökulmaa julkisen työnvälityksen tehokkuuteen. Helsinki 
2006.

394. Honkatukia Juha – Moilanen Paavo – Törmä Hannu: Runkoverkkosuunnitelman 
aluetaloudelliset vaikutukset. Helsinki 2006. 

395. Honkatukia Juha – Rajala Rami – Sulamaa Pekka: Julkisen sektorin tuottavuuden 
kasvu ja työikäisen väestön määrän muutos 2005–2020, Rakenteellinen pitkän 
aikavälin tarkastelu alueellisella tasapainomallilla. Helsinki 2006. 

396. Kyyrä Tomi – Wilke Ralf A.: Reduction in the Long-Term Unemployment of the 
Elderly: A Success Story from Finland Revised. Helsinki 2006. 

397. Martikainen Emmi – Virén Matti: Valmisteverojen välittyminen kuluttajahintoihin 
Suomessa 1997–2004. Helsinki 2006. 

398. Mälkönen Ville: Eri hankintamuodot julkisissa investoinneissa. Helsinki 2006. 



399. Haataja Anita – Mattila-Wiro Päivi: Impact of Alternative Benefit Levels and Parental 
Choices on the Parents’ Income. Micro-simulation Approach on the Finnish Parental 
Leave. Helsinki 2006. 

400. Kyyrä Tomi – Ollikainen Virve: To Search or Not to Search? The Effects of UI 
Benefit Extension for the Elderly Unemployment. Helsinki 2006. 

401. Hämäläinen Pellervo: Julkisten investointien tuottavuus. Katsaus kirjallisuuteen ja 
Suomi vuosina 1948-2003. Helsinki 2006. 

402. Virén Matti: Fiscal Policy in the 1920s and 1930s. How Much Different It Is from the 
Post War Period’s Policies. Helsinki 2006. 

403. Aaltonen Juho: Perusterveydenhuollon menoeroja selittävät tekijät ja 
terveyskeskusten kustannustehottomuus. Helsinki 2006. 

404. Venetoklis Takis: Guide to FUSSEP (Finnish University Students Socio-Economic 
Preferences) 2005 round. Helsinki 2006. 

405. Honkatukia Juha – Mälkönen Ville – Perrels Adriaan: Impacts of the European 
Emission Trade System on Finnish Wholesale Electricity Prices. Helsinki 2006. 

406. Kyyrä Tomi – Maliranta Mika: The Micro-Level Dynamics of Declining Labour 
Share: Lessons from the Finnish Great Leap. Helsinki 2006. 

407. Korkeamäki Ossi – Uusitalo Roope: Employment Effects of a Payroll-Tax Cut: 
Evidence from a Regional Tax Exemption Experiment. Helsinki 2006. 

408. Kari Seppo – Kiander Jaakko – Ulvinen Hanna: Vapaaehtoinen eläkevakuutus ja 
verotus. Katsaus kirjallisuuteen ja empiirinen kuva vapaaehtoisen eläkesäästämisen 
kehityksestä. Helsinki 2006. 

409. Jalava Jukka – Kavonius Ilja Kristian: Durable Goods and Household Saving Ratios 
in the Euro Area. Helsinki 2006. 

410. Sulamaa Pekka – Widgrén Mika: Turkish EU Membership: A Simulation Study on 
Economic Effects. Helsinki 2007. 

411. Kohonen Anssi: Perintö- ja lahjaverotus – Näkökulmia talousteoriasta, maailmalta ja 
Suomesta. Helsinki 2007. 

412. Perrels Adriaan: Economic Implications of Differences in Member State Regulations 
for the European Union Emission Trade System. Helsinki 2007. 

413. Lehtonen Sanna – Moisio Antti: Kuntien valtionosuusjärjestelmä Suomessa ja 
Ruotsissa. Helsinki 2007. 

414. Seppä Elina: Innovation Performance of Firms in Manufacturing Industry: Evidence 
from Belgium, Finland and Germany in 1998-2000. Helsinki 2007. 

415. Kanniainen Vesa – Kari Seppo – Ylä-Liedenpohja Jouko: Nordic Dual Income 
Taxation of Entrepreneurs. Helsinki 2007. 

416. Kari Seppo – Karikallio Hanna: Tax Treatment of Dividends and Capital Gains and 
the Dividend Decision under Dual Income Tax. Helsinki 2007. 

417. Perrels Adriaan – Kangas Elina: Vapaa-ajan asuntojen omistus ja käyttö – Esiselvitys 
ekotehokkuuden kartoitusta varten. Helsinki 2007. 



418. Riihelä Marja – Sullström Risto – Tuomala Matti: Economic Poverty in Finland 
1971–2004. Helsinki 2007. 

419. Lyytikäinen Teemu: The Effect of Three-Rate Property Taxation on Housing 
Construction. Helsinki 2007. 

420. Korkeamäki Ossi: Laskelmia miesten ja naisten välisen palkkaeron kaventamisesta 
julkisella sektorilla. Helsinki 2007. 

421. Kosonen Tuomas: The Increased Revenue from Finnish Corporate Income Tax in the 
1990s. Helsinki 2007. 

422. Appelqvist, Jukka: Wage and Earnings Losses of Displaced Workers in Finland. 
Helsinki 2007. 

423. Honkatukia Juha – Rajala Arto: Energia, päästökauppa ja kilpailukyky – Suomalaisen 
energiaintensiivisen teollisuuden näkemyksiä EU:n päästökaupasta ja pohjoismaisista 
energiamarkkinoista. Helsinki 2007. 

424. Kari Seppo – Kosonen Tuomas – Kröger Outi: Vakuutusturvan vaje perheenhuoltajan 
kuoleman kohdatessa. Julkisen turvan taso ja yksityinen henkivakuutusturva. Helsinki 
2007.

425. Luoma Kalevi – Moisio Antti – Aaltonen Juho: Secessions of Municipal Health 
Centre Federations: Expenditure and Productivity Effects. Helsinki 2007. 

426. Kari Seppo – Karikallio Hanna – Pirttilä Jukka: Anticipating Tax Changes: Evidence 
from the Finnish Corporate Income Tax Reform of 2005. Helsinki 2007. 

427. Honkatukia Juha – Marttila Kimmo – Sulamaa Pekka: Budjetin aluevaikutukset – 
Valtion alueellistamis- ja tuottavuusohjelman vaikutukset maakunnissa. Helsinki 
2007.

428. Kirjavainen Tanja: Efficiency of Finnish Upper Secondary Schools: An Application 
of Stochastic Frontier Analysis with Panel Data. Helsinki 2007. 

429. Aaltonen Juho: Determinants of Health Care Expenditures in Finnish Hospital 
Districts 1993-2005. Helsinki 2007. 

430. Haataja Anita: Soviteltu työttömyysetuus: Taustaa ja nykytilanne. Helsinki 2007. 

431. Haataja Anita – Korkeamäki Ossi: Soviteltu työttömyysetuus: Kohdentuminen ja 
toimeentulo. Helsinki 2007. 

432. Hämäläinen Kari – Tuomala Juha: Vocational Labour Market Training in Promoting 
Youth Employment. Helsinki 2007. 

433. Parkkinen Pekka: Riittääkö työvoima terveydenhuolto- ja sosiaalipalveluihin? 
Helsinki 2007. 

434. Kohonen Anssi: Yritysverotuksen koordinointi ja verokilpailu Euroopan unionissa. 
Helsinki 2007.




