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Abstract

Hyper-capitalism in global information and communication technology (ICT) markets during the late 1990s created a new global

production network, shaped by multinational corporations, international capital flows, and a flourishing of high-tech entrepreneur-

ship. Each of the cities considered here benefited substantially from this growth, but their positions as nodes in the ICT global pro-

duction network differed markedly, as did their ability to appropriate the value they generated. In Dublin, value creation was based

largely on inward technology and capital flows, although indigenous Dublin-based software companies did demonstrate their ability

to compete internationally. ICT development in Helsinki and Tel Aviv drew more strongly on the local knowledge base, and ben-

efited from changes in national regulatory and political conditions. In Helsinki, public and private R&D investments supported the

highly effective globalisation strategy of Nokia to create a strongly localised, vertically-integrated and strongly specialised sector.

Value creation in the more diverse Israeli ICT sector was also based primarily on locally developed technology, university R&D

and the commercialisation of technology developed initially for military applications. By the end of the 1990s, the resulting ICT

node in Tel Aviv was grounded in the local knowledge-base, technologically diverse, strongly entrepreneurial and globally oriented.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

During the 1990s, ICT markets grew at unprece-
dented rates stimulated by international inward invest-

ment, global capital flows and a flourishing of

high-tech entrepreneurship. Nations� and regions� par-
ticipation in the ICT boom varied, however, with Fin-

land, Israel and Ireland among the smaller countries

to achieve dramatic growth rates. From 1995 to 2000,

Finland achieved an average annual real GDP growth

rate of 5.1% per annum, Ireland, grew at 4.4% pa, and
Israel achieved a notable 4.0% pa. Over the same period,

GDP growth in the EU as a whole averaged 2.6% pa. 1

The growth and development of these three �tiger� econ-
omies has, of course, been extensively described else-
where; on Finland see, for example, Steinbock (2001)

and Paija (2000); on Israel see, for example, De Fonte-

nay and Carmel (2001), and Kipnis (2001); and, on Ire-

land see, for example, O�Riain (1997) and Grimes

(2003). Some comparative analyses have also been

undertaken, notably Roper and Frenkel (2000) on Israel

and Ireland and Koski et al. (2002) who examine the

geographical distribution of ICT activity throughout
Europe. Our paper extends previous comparative analy-

ses and sets high-tech growth within each area firmly in
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the context of the global ICT sector. Our key focus is the

process of value generation and upgrading in each area

which we consider using the notion of the global pro-

duction network (Henderson et al., 2002; Ernst, 2002;

Ernst and Kim, 2002).

Aside from the importance of high-tech growth in the
development of the three economies, the comparative

development of Ireland, Finland and Israel is all the

more interesting because of a number of other shared

characteristics. First, each economy is small, forcing

firms to develop export markets if they are to maximise

the potential for economies of scale in production, and

appropriate the full benefits of any innovative activity.

Second, each of the three economies is very open with
Finland and Ireland full members of the EU, and Israel

benefiting from a free-trade agreement with the EU con-

cluded in the mid-1970s. Third, each country shares a

somewhat peripheral location in terms of access to �core�
European markets. Fourth, each country has limited

natural resources and future competitiveness and

growth therefore depends on their ability to compete

in knowledge-intensive markets. Fifth, each of the coun-
tries has a very different history of industrial and tech-

nology policy which has shaped their involvement in

global ICT markets. Some of the main contrasts are

illustrated in Table 1, which highlights the dominant

role of foreign direct investment (FDI) in Ireland, and

the increasing importance of foreign direct investment

in Finland over the 1997–1999 period.

Sixth, central to the growth of each country was the
rapid development of ICT activity in their major cit-

ies––Helsinki, Tel Aviv and Dublin. As Koski et al.

(2002) notes: �ICT-related businesses in Europe are con-

centrated around major urban centres� (p. 11). Cities

may offer particular advantages for innovation and the

development of knowledge-based industry in terms of

the availability of highly skilled labour, high quality

business services, and the local availability of technolog-
ical and financial partners (e.g. Shefer and Frenkel,

1998). Cities may also act as international �gateways�
through which human, financial and informational re-

sources flow into and out of a country (Simmie, 2002),

and act as attractors for inward investment. Less tangi-

ble benefits may also result from an urban location in

the form of externalities from academic research (e.g.

Anselin et al., 1997, 2000), or more generalised knowl-

edge spillovers (Feldman and Audretsch, 1999; Zucker

et al., 1998) arising from specialisation (e.g. Griliches,

1992) or sectoral diversity (e.g. Jacobs, 1969). Finally,

cities may provide a more supportive environment and

institutional framework for high-tech entrepreneurship
than other more rural or peripheral areas (e.g. Cooke

et al., 2001).

The central focus in the remainder of this paper is

how, and why, ICT activity developed in the way it

did in Dublin, Helsinki and Tel Aviv during the

1990s. National influences prove to be important but

cannot be viewed in isolation from more global trends,

in particular, the growth in global high-tech markets
during the 1990s and increasing levels of international

capital mobility. To reflect both the �global� and �local�
dimensions of each city�s development, we base our

analysis around the notion of a global production net-

work which is outlined in Section 2. Section 3 then

provides a brief overview of the ICT global production

network of the 1990s and the implicit process of value

generation and upgrading. Sections 4–6 then focus on
each of the three study areas in turn concentrating

on the process of value generation and upgrading in

each area and the particular role of inward investment,

entrepreneurial activity and public policy. Section 7

briefly draws out some common themes and Section

8 concludes.

2. Embeddedness and the global production network

The importance of the centripetal and centrifugal

forces which lead to spatial agglomeration and the dis-

persion of commercial and industrial activity have long

been recognised in both the geography and economics

literatures. A desire to avoid local competition, the

search for lower production costs, and costs of trans-
portation may encourage dispersion; while positive

Marshallian externalities, reduced transport costs and

informational advantages may encourage spatial

agglomeration and clustering (see, for example, the dis-

cussion in Koski et al., 2002, pp. 145–147). Arguably,

however, global moves towards knowledge-based com-

petition, accompanied by the rapid development of con-

Table 1

Foreign direct investment and transnationality indictors

Finland Ireland Israel

FDI inflows as per cent of gross domestic capital formation 1997–1999 26.3 47.5 9.1

FDI inward stock as per cent of GDP 14.3 45.4 17.9

Value added of foreign affiliates as per cent of GDP 9.5 40.2 8.7

Employment of foreign affiliates as per cent of total employment 10.1 9.8 10.2

Transnationality index 15.0 35.7 11.5

Source: The World Investment Report 2002, United Nations, New York.

Annex table A.1.6. p. 275.
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nectivity and global logistics, have radically shifted the

historical balance between these centrifugal and centri-

petal forces. On one hand, the increasing importance

of knowledge as the basis for competitiveness may have

strengthened the centrifugal forces as �knowledge spill-

overs tend to be spatially restricted. . . [this] has triggered
a resurgence in the importance of local regions as a key

source of comparative advantage� (Audretsch, 1998, p.

26). One reflection of this renewed interest in the region

as a unit of analysis has been the growth of the literature

on regional innovation systems (e.g. Braczyk et al.,

1998), emphasising the capability of firms and other

organisations and the degree of association within the

regional economy. The focus of this type of literature
has, however, been largely on the internal dynamic or

composition of the region with much less attention paid

to the position of the region in the wider global

economy.

On the other hand, improved connectivity and global

logistics might encourage the dispersal of commercial

and industrial activity, and the geographical separation

of elements of the development and production process.
For example, the increasing globalisation of R&D activ-

ity may mean that the spatial distribution of the com-

mercial benefits of R&D activity may be very different

to that of the R&D activity itself. 2

Attempts to understand the global distribution of

ICT activity––encompassing both these centripetal

and centrifugal forces––have drawn both on notions

of localised advantages and global corporate and trad-
ing networks. Studies have been constrained, however,

by the lack of a single framework unifying globalising

pressures within the world economy, particularly in

high-tech sectors, and the increasing empirical evidence

pointing to localised agglomeration advantages in

knowledge production and knowledge-based industries.

Two recent attempts to overcome these difficulties have

been the work by Ernst and others (e.g. Ernst and
Ravenhill, 1999; Ernst, 2002; Ernst and Kim, 2002)

and Henderson et al. (2002) on the notion of a global

production network. Developed largely in parallel,

both have attempted to develop �a conceptual frame-

work that is capable of grasping the global, regional

and local economic and social dimensions of the proc-

esses involved in many forms of economic globalisa-

tion�. More specifically, the discussion in Henderson
et al. (2002), for example, suggests a definition of a

GPN as �the global network of firms, institutions and

other economic agents which shapes, and is shaped by:

the fundamental processes of knowledge and wealth cre-

ation, enhancement and exploitation; corporate, collec-

tive and institutional elements of organisational power;

and, spatial and network embeddedness�. The intention

here is clear; on the one hand to recognise the impor-
tance of globalising forces, and in particular the influ-

ence of multinational companies and international

capital markets, while also encompassing the potential

for significant local advantages and development

trajectories.

Henderson et al. (2002) then identify three �concep-
tual categories� which they argue characterise any spe-

cific global production network: the process of value
generation and upgrading; the role (and power) of firms,

organisations etc.; and, the degree of territorial and net-

work embeddedness. In terms of value generation, a key

focus is on the way in which value added is actually gen-

erated within the GPN, a process which may be shaped

by production and organisational techniques, inter-firm

relationships or branding. Equally important perhaps––

particularly in the rapidly developing high-tech sec-
tors––is the process by which value added can be

increased through, for example, technology transfers

within the network, the degree of developmental interac-

tion between network participants, and the capability of

local firms to generate positive localised factor or organ-

isational advantages or brand rents. Finally, there is the

question of how value is appropriated by different local-

ities. As Henderson et al. (2002, p. 449) remark: �It is one
thing for value to be created and enhanced in given loca-

tions, but it may be quite another for it to be captured

for the benefit of those locations. The pertinent issues

here partly involve (a) matters of government policy,

but they also involve (b) questions of firm ownership

and (c) the nature of corporate governance in given na-

tional contexts�. 3 It is this mechanism of value genera-

tion and upgrading which forms the main focus of our
empirical investigation.

In addition to the process of value generation and

upgrading, Henderson et al. (2002) suggest two other

factors which characterise a GPN; the distribution of

power between companies, institutions and collective

organisations including supra-national bodies etc.;

and, the extent of network and territorial embeddedness

of the GPN. �GPNs do not only connect firms function-
ally and territorially but also they connect aspects of the

2 Reddy (1997, pp. 1821–1822), for example, comments that:

�Today, new needs or trends can arise in any advanced market and

the latest technologies may be located in another. Transnational

Corporations (TNCs) attempt to gain a competitive advantage by

sensing needs in one country, responding with capabilities located in a

second, and diffusing the resulting innovation in markets world-wide�.

3 For example, in Israel it has been argued that despite high quality

basic or scientific research, weaknesses in the capability or willingness

of industry to exploit this research have led to a failure to appropriate

subsequent value added. For example, Maital et al. (1993, p. 108):

�Israel has failed to fully convert its scientific achievements into export

led growth. In proportion to its GDP, Israel outpaced European

countries in patents publications and citations, yet lagged in R&D

intensive exports�.
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social and spatial arrangements in which those firms are

embedded and which influence their strategies and the

values, priorities and expectations of managers, workers

and communities alike� (Henderson et al., 2002, p. 451).

Two issues are of particular interest here. First, the ex-

tent to which inward investment by multinational com-
panies is embedded in the host economy, and thereby

provides a conduit for inward (and also perhaps out-

ward) knowledge transfers (e.g. Morris, 1992; Wong,

1992; Young et al., 1994). Second, the extent to which

local entrepreneurial activity has given rise to locally-

owned (or at least locally based) enterprises which have

developed sufficiently to become part of the GPN (e.g.

Cooke et al., 2001).

3. The ICT global production network

Despite considerable internal heterogeneity, a theme

which we return to later, significant attention has fo-

cused on the anatomy and implications of the growth

of global ICT industries during the 1990s (Table 2).
Feng et al. (2001), for example, emphasise: (a) the emer-

gence of a knowledge-based sector producing goods and

services with much broader transformational potential

than earlier demand-constrained, knowledge-intensive

sectors such as pharmaceuticals; (b) falling costs of

information and the potential for new distribution chan-

nels which may stimulate new competition, creating

opportunities for first movers and threatening estab-
lished corporate players; and, (c) the reproducibility

and non-rivalry of digital goods which creates a poten-

tially new growth paradigm of increasing returns. These

developments raise the possibility of new business mod-

els based on the Internet, and emphasise the importance

of human and knowledge capital rather than the histor-

ically-important range of physical corporate assets. On

the supply-side, this has led to discussion of the spatial
distribution of the industry (e.g. Koski et al., 2002),

the role of international capital markets (e.g. Baygan

and Freudenberg, 2000), and the longer-term conse-

quences of �turbo-capitalism� (Feng et al., 2001). On

the demand-side, ICT growth and diffusion during the

1990s had a profound impact on US productivity and

an apparently smaller effect on productivity in Europe

(e.g. Daveri, 2002).

Two other features of the ICT global production net-

work of the 1990s are striking: the speed of global mar-

ket growth, and the dominant position of the US both
on the demand and supply sides. Figures from the

World Information Technology and Services Alliance

(WITSA), for example, suggest that global spending

on ICT grew by an average of 8% pa from US$1.3 tril-

lion in 1993 to US$2.4 trillion in 2001 (WITSA, 2002).

Within this market, around 40% of global ICT spending

is linked to telecommunications; 10% to software; 20%

to ICT services; 20% to ICT hardware; and, 20% to
firms� internal ICT services.

The second key feature of the information and com-

munication technology GPN is the market dominance

of the US. OECD figures suggest, for example, that in

the late 1990s the US accounted for around a third of

global ICT employment (OECD, 2001). In terms of

ICT spending the US was also dominant, accounting

for more than 35% of global ICT spend in 2001, a level
equivalent to the combined spending of the next four

countries i.e. Japan, Germany, the UK and France

(WITSA, 2002). The US market therefore represented

the key international market for technology companies,

with Irish and Israeli technology companies often setting

up their first international sales office in the US, some-

times as a prelude to an initial public offering (e.g. De

Fontenay and Carmel, 2001). Similarly, in 1996, the
OECD suggested that the US market accounted for

$212.7 bn of the total $460.3 bn OECD market for IT,

and $118.1 bn (55.5%) of the $249.0 bn market for pack-

aged software and services (OECD, 1998, Table 19). In

terms of capital markets and outward investment, the

US was also dominant over this period. Baygan and

Freudenberg (2000), for example, in their analysis of

the internationalisation of venture capital, note that
new private equity funding in the US in 1999 totalled

$108.1 bn compared to $27.1 bn in Europe; while ven-

ture capital funding totalled $46.6 bn in the US com-

pared to $12.9 bn in Europe. The US was also the

largest single source of outward merger and acquisition

Table 2

Scale and importance of the ICT sector: 1998

Employment

in ICT (000s)

Share of empl. in

business sector (%)

Share of value added in

business sector (%)

Share of ICT R&D in

total business sector (%)

Share of ICT in

exports (%)

Share of ICT in

imports (%)

Finland 88 5.6 8.3 51 16.1 19.6

Ireland 56 4.6 47.7 33.9 32.6

Israel 148 6 12.7 85 14.1 30.1

G7 10,449 3.8 7.4 35.3 13.5 12.8

EU 15 4441 3.9 6.4 23.6 11.8 10.1

OECD 12,800 3.6 7.4 34.6 13.2 12.5

Sources: OECD (2000), Central Bureau of Statistics (2002).
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activity in 1998 with 23.8% of global flows (Kang and

Johansson, 2000).

4. Tel Aviv’s ICT Node

4.1. Origins and national setting

The development of the Tel Aviv node of the ICT

global production network in the 1990s has its roots in

longer-term measures to promote high-tech growth

and ensure national security in Israel, two aspects of

Israeli development which are inevitably inter-related.

In particular, the continuing security threat to Israel
has, over the long-term, discouraged inward investment

and necessitated a largely independent development

strategy. 4 In the context of strong external threats, as

early as the 1960s, for example, the Israeli government

was supporting the development of Science Parks at

the universities (e.g. the Kiryat Weizmann Science Park

in 1967 at Rehovot; Felsenstein, 1994) and giving R&D

grants to individual firms (Teubal, 1993). During the
1970s, the Israeli economy became more open to trade;

bi-national R&D funds were established and, albeit rel-

atively unsuccessful, attempts were made to attract in-

ward investment, particularly to more peripheral areas

(Shefer and Bar-El, 1993). Despite this, rapid structural

change took place in the indigenously-owned sector as

the military build-up continued and the related civil elec-

tronics and aircraft industries expanded. From 1968 to
1983, for example, high-tech industry in Israel increased

its share of output from 6% to 24% and its share of ex-

ports from 5% to 28% (Teubal, 1993). Macro-economic

crisis in Israel in the early-1980s threatened the growth

of indigenous high-tech industry, and perhaps more

importantly, reshaped the political complexion of Israel

and related social and industrial policy. Previous �state
regulated capitalism� had an implicit �bias associated
with deep antagonism, or even hostility towards small

business-owners� and entrepreneurship. With changes

in the political scene and a shift towards more free-mar-

ket economic policies, a gradual change in attitude in

favour of the small business sector occurred� (Feitelson,
2001). Geo-political changes in the 1980s and early-

1990s reinforced this effect, providing a more secure

external environment and allowing the release from
the military establishment of much of the human capital

on which Israeli entrepreneurship of more recent years

has been based. In particular, the cancellation in 1987

of the Lavi fighter project, the end of the Cold War

and the easing of the geo-political situation in the Mid-

dle East reduced both export and domestic demand for

military hardware and released substantial amounts of

highly skilled labour into the Israeli labour market. In

addition, post-1989, mass immigration to Israel from

the former Soviet Union added nearly a million to the

Israeli population and vastly increased the nation�s
endowment of human capital (Gandal et al., 2004). Sim-
mons (1993), for example, notes that 40% of early immi-

grants from the former Soviet Union were university

graduates compared to 10% of the existing Israeli

workforce.

The development of the Israeli ICT sector during the

1990s has been ably described in De Fontenay and Car-

mel (2001) who note; first that over the 1990–2000 per-

iod Israeli exports of manufactured ICT products grew
fivefold, while service exports grew by a factor of 10; sec-

ond, they also note that after the mid-1990s employment

in ICT services in Israel exceeded that in ICT manufac-

turing, and that by 2000, the ICT sector accounted for a

third of all Israeli exports but only 6% of national

employment. A third facet of the Israeli ICT boom

was the concentration of Israeli firms in the �develop-
ment� stage of the global electronics value chain, i.e. in
niche sectors where competition is knowledge rather

than cost-based and production volumes are relatively

small. This is a marked contrast to Ireland where the

electronics sector is much more concentrated in a spe-

cific product group and is more strongly geared to mass

rather than niche market (Roper and Frenkel, 2000). An

essentially similar contrast could be made between the

Irish and Israeli software sectors: the Israeli sector con-
centrates on developing leading edge applications in

imaging, voice response and recognition, artificial intel-

ligence, data communications and network and software

security; while the Irish sector––at least the externally-

owned element––is focussed on the reproduction, distri-

bution and marketing of software initially developed

elsewhere (Crone, 2002; Teubal et al., 2000).

Israeli electronics exports are also diverse with no
concentration in any particular product group although

telecommunications equipment (44.5%), computer equip-

ment (16.4%) and medical diagnostic equipment (8.1%)

were all important export products (Table 3). This diver-

sity––at least within manufactured exports––stands in

marked contrast to both Finland and Ireland where

more than 60% of electronics exports were telecoms

equipment and computer equipment respectively. This
difference in the sectoral structure of ICT manufacturing

in the three countries suggests the potential for different

types of agglomeration economies: in Ireland and Fin-

land, as envisaged by Griliches (1992), for example, such

economies might arise from specialisation; whereas in

Israel agglomeration economies may instead reflect sec-

toral diversity as envisaged by Jacobs (1969).

Israel�s success in establishing a market position in
knowledge-intensive sectors is also evident in its role

as a major global development centre for international

4 The comparison with Ireland where development strategy has

based largely on inward investment is illustrative here. This point is

discussed in detail in Roper and Frenkel (2000).
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ICT businesses like Intel, Motorola, IBM, Microsoft,
Alcatel and 3Com, all of which have invested in R&D

facilities in Israel. Felsenstein (1997) considers this in

terms of �reverse technology transfer� with multinational

companies investing in R&D laboratories in Israel to

benefit from the strengths of the Israeli national system

of innovation but then manufacturing the products

developed elsewhere. More generally, however, it is dif-

ficult to get a clear impression of the scale of inward
investment to the ICT sector in Israel. Overall, however,

the extent of inward investment to Israel remains rela-

tively low, with foreign affiliates accounting for around

9% of GDP, a similar level to Finland, and only a quar-

ter that of Ireland (Table 1). 5 Again, one possible char-

acterisation of the global market position of the Israeli

ICT sector is given in Fig. 1 which also represents those

in Ireland and Finland described below.
Within Israel, Tel Aviv metropolitan area is the cen-

tral hub of commercial and high-tech activity as well as

the dominant international �gateway� to Israel for peo-

ple, capital and trade. The current population of the city

is around 350,000 but, perhaps more important is that

Tel Aviv is the core of Israel�s largest metropolitan area,

which covers around 2.65 m million people. On the

Eastern side, the metropolitan area of Tel Aviv is

bounded by the Mediterranean; on the West, urban

expansion is limited by the frontier between Israel and

the occupied territories. Urban development has there-

fore largely followed the coastal strip to the North

towards Netanya and to the South towards Rehovot.

Over the past decade sub-urbanisation and ex-urbanisa-
tion have accelerated and limited gentrification of cen-

tral areas has also taken place (Feitelson, 2001).

Employment in the Tel Aviv metropolitan area grew

steadily during the 1990s reaching around 1.0 m, with al-

most 330,000 people employed in Tel Aviv proper in

1999. The majority of this employment was in financial

and business services (28.6%), education and health

(20.9%), wholesale and retailing (13.6%) and the other
production industries which includes manufacturing

(12.4%). 6 Per capita incomes and growth rates in the

Finland

Israel

Marketing,
Distribution

Production

R&D, Design,
Development

Telecoms,
Mobiles Software Computing Other

Electronics

High Tech Markets

Value
Chain

Ireland

Fig. 1. Global positioning of Irish, Finnish and Israeli ICT sectors.

Table 3

Composition of exports of electronic products: Finland, Ireland and Israel

SITC.3 Product group Finland (%) Ireland (%) Israel (%)

751 Office machines 0.3 0.4 0.0

752 Computer equipment 8.9 38.4 16.4

759 Office equip parts/accs. 1.5 25.1 6.0

761 Television receivers 1.8 0.0 0.0

762 Radio broadcast receiver 0.1 0.0 2.3

763 Sound/TV recorders etc. 0.3 0.1 0.4

764 Telecomms equipment nes 62.5 14.1 44.5

771 Elect power transm equipment 6.8 1.8 1.2

772 Electric circuit equipment 3.8 3.9 7.5

773 Electrical distribution equip 3.0 1.5 0.9

774 Medical etc el diag equip 3.0 0.2 8.1

775 Domestic equipment 2.2 0.9 0.2

776 Valves/transistors/etc. 3.0 11.1 7.3

778 Electrical equipment nes 2.9 2.4 5.1

Total 100.0 100.0 100.0

Note: Finland and Israel, 1998; Ireland, 1999.

Source: UN Statistics Division, COMTRADE database.

5 The US was a particularly important source of inward investment

for Israel during the 1990s both in terms of the �knowledge seeking�
investment discussed by Felsenstein (1997) and more speculative

investment in venture capital activity. By 1998, total US investment in

Israel, however, was $3067 m, around a fifth of US investment in

Ireland ($15,936 m) but twice that in Finland ($1700 m). Source: US

Department of Commerce, Bureau of Economic Analysis, available at,

for example, www.state.gov/www/issues/economic/trade_reports/1999/

finland.html. 6 Source: Statistical Abstract of Israel, 2000.
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Tel Aviv metropolitan area were on average higher than

those for Israel as a whole, although unemployment

in the Tel Aviv area fluctuated between 7% and 9%

through much of the 1990s. In addition, an increasingly

wide split in earnings between those employed in the glo-

balised �new economy� and commercial sectors and those
in activities serving largely local markets.

4.2. Value creation and upgrading

As indicated earlier, creating value added in high-tech

industry has long been a concern of the Israeli state, a

policy supported nationally with investment and tech-

nology grants. Unlike investment grants, however,
R&D support has been available to firms in Israel

regardless of location, although a locational premium

has been paid for firms in less developed areas (Roper

and Frenkel, 2000). This has probably favoured high-

tech development in Tel Aviv and, together with the

other advantages of a metropolitan location, encour-

aged a concentration of R&D-related activity.

A number of other factors have contributed to the
concentration of ICT activity in the Tel Aviv area. First,

Israel invests 0.62% of GDP in R&D, compared to

0.54% in Finland and 0.26% in Ireland, and the Tel Aviv

region is host to two of Israel�s major universities (Tel

Aviv University and the Weizmann Institute), and other

significant research and educational institutions (e.g. the

Soreq Nuclear Research Centre and the agricultural

school of Hebrew University of Jerusalem). This con-
tributes to a knowledge-rich environment for high-tech

development and ensures a supply of research trained

staff. Second, Tel Aviv is the centre of the Israeli bank-

ing, finance and venture capital industries, and has

strongly developed links to external financial centres

and resources, particularly in the US. Third, Tel Aviv

has a concentration of science parks and incubator units

supported by the universities, local authorities, private
companies and central government. Other industrial

areas in Tel Aviv have no direct link to the universities

but have also attracted significant high-tech activity. In

particular, the Herzliya Industrial Zone to the North of

the city (e.g. Digital Equipment, 3Com, Motorola) has

been attractive because of the availability of greenfield

sites and in more recent years other areas (particularly

to the north-east of Tel Aviv) have also attracted high-
tech facilities.

Fourth, firms in Tel Aviv probably enjoy �cluster�
based advantages due to a high concentration of other

high-tech firms which might act as customers, suppliers,

partners or sources of information or skilled manpower.

In 2000, for example, the greater Tel Aviv area was said

to contain 86% of high-tech firms in Israel (see the dis-

cussion in Kipnis, 2001). Fifth, Felsenstein (1997) indi-
cates that in Israel foreign-owned firms––particularly

North American-owned businesses––have had a ten-

dency to adopt metropolitan locations (Tel Aviv or

Haifa). Notably he concludes that the advantage of such

a metropolitan location must be outweighing the incen-

tive benefits of more peripheral locations. 7 Sixth, Kip-

nis (1998) suggests there may also have been push

factors which have encouraged Israeli firms to relocate
to Tel Aviv, viz. �Haifa City, once considered a compet-

itive centre to Tel Aviv, has suffered for the past 30 years

from a �poor business climate� syndrome, and has grad-

ually lost most of its assets. Catalysing this process was a

transfer from Haifa to Tel Aviv of almost all of the

established national companies� headquarters� (p. 655).
Countering these advantages is what Kipnis (2001) has

called Tel Aviv�s position at a spatial �dead-end� of the
global economy, reflecting the weakness of Tel Aviv�s
embeddedness within the wider Middle East region.

Entrepreneurship has also played an important part

in the growth of ICT activity in Tel Aviv. Some notable

companies were established by those leaving the Israeli

Defence Force (see Cooke et al., 2001; De Fontenay

and Carmel, 2001), while others were established as uni-

versity spin-outs or entrepreneurial start-ups. Check-
point, Memco and Aladdin, for example, all became

world-leaders in their respective markets and numerous

other Israeli companies achieved notable success in both

capital and product markets. By the peak of the high-

tech boom in 2000, De Fontenay and Carmel (2001)

suggest Israel had about 4000 high-tech firms and new

ones were forming at the rate of 500 start-ups per year.

Commercial application of systems originally developed
for defence purposes is only part of the story, however.

Israel�s academic and wider research community––bol-

stered by immigration from the former Soviet Union––

also played an important part in the growth of �Silicon
Wadi�. De Fontenay and Carmel (2001) emphasise algo-

rithmic innovations made at the Weizmann Institute and

elsewhere in the development of the Israeli data security

industry, while others have focussed on policy initiatives
such as the small business advice centres or technology

incubator network (e.g. Goldberg and Lavi-Steiner,

1996; Modena and Shefer, 1998; Roper, 1999), and

R&D support (e.g. Trajtenberg, 2000).

Another key aspect of the development of high-tech

business in Tel Aviv has been ready access to financial

and venture capital support for small firms. The domi-

nant position of Tel Aviv in the financial and business
services sector in Israel is reflected the larger proportion

of employment in this sector (28.6%) than in either Hel-

sinki (19.5%) or Dublin (21.4%) and in the fact that Tel

Aviv holds around half of all banking jobs in Israel

7 Government financial aid has not been clearly directed in the past

and still does not aid enough in offsetting peripheral disadvantages,

explaining why grant incentives for development towns have not

significantly influenced locational decisions of firms� (Shefer and

Bar-El, 1993, p. 251).
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(16,000 out of 32,000). Tel Aviv and the surrounding

areas also played a dominant role in the rapidly expand-

ing Israeli venture capital industry during the 1990s. For

example, of the 57 venture capital funds listed on the Is-

raeli government�s resource site for science in mid-2001,

85% were located in the Tel Aviv metropolitan area,
13% in Jerusalem and only one in Haifa. A similar con-

centration is evident in the geographical distribution

of venture capital investments in Israel. In 1999, 78%

of all investments were made in Tel Aviv area, 14% in

Haifa and the North and 8% in Jerusalem. 8

5. Dublin’s ICT Node

5.1. Origins and national setting

Historically, Ireland does not have a strong industrial

tradition like that found in Finland (e.g. Yearly, 1995).

Neither has Ireland had the emphasis on applied scien-

tific research which has so strongly characterised the

development of the Israeli economy. Instead, since the
late 1950s, industrial policy in Ireland has been based

on the principle of �industrialisation by invitation� and
the attraction of inward investment. Prior to the mid-

1980s, this investment was largely concentrated in com-

puter and computer components. As a result, electronics

exports from Ireland remain dominated by computers

and computer components which together accounted

for 63.5% of all electronics exports (Table 3) and by
1998, meant that 61% of electronics plants in Ireland

were US-owned and that these plants accounted for

82% of electronics employment.

As Ireland�s dominant population and commercial

centre the attraction of Dublin as an industrial location

is to some extent self-evident. Early inward investment

certainly tended to locate in or near Dublin to take

advantage of labour market and logistic advantages.
Since the early-1970s, however, attempts to attract

high-tech inward investment to Ireland have been

accompanied by a policy of dispersal. From 1969 to

1976, the proportion of new high-tech plants being

established in Dublin fell from 55% to 20%, with a con-

verse increase in establishments in less developed areas.

More recent studies (e.g. Meyler and Strobl, 1997) argue

that this trend has been sustained with the extent of
external-ownership of manufacturing firms now similar

in Dublin and more peripheral areas of Ireland. Moreo-

ver, a more sectoral focus adopted since the 1980s has

contributed to the development of spatial concentra-

tions of activity outside the Dublin metropolitan area,

notably pharmaceuticals in the South West (i.e. Cork)

and electronics in the Irish Mid-West and East (Meyler

and Strobl, 1997). Despite the success of the policy of

dispersal of high-tech activity a distinct concentration

of electronics manufacturing plants in and around Dub-

lin is still evident. In 1998, for example, 27.8% of all

manufacturing plants in Ireland were located in the
Dublin region which accounted for 43.6% of plants

manufacturing office machinery and computers (Nace

30) and 34.3% of plants manufacturing electrical

machinery and apparatus (Nace 31). 9

Since the mid-1980s, inward investment by high-tech

manufacturing firms to Ireland has been accompanied

by massive inward investment by US software compa-

nies. Microsoft, Oracle, Lotus and others all have major
operations in Ireland producing and selling packaged

software or products primarily to EU markets. The scale

of this inward investment has been such that Ireland has

become the major European centre for software produc-

tion and the country is now the world�s largest exporter
of software products. OECD figures, for example, sug-

gest that in 1998 software exports from Ireland were

$3.29 bn, larger than the $2.96 bn from the US. The
key activities these firms undertake in Ireland include

localisation, production and distribution with a rela-

tively low level of employment of software developers.

Microsoft�s European Product Development Centre in

Dublin, for example, employs nearly 1000 people and

is responsible for the localisation and support of more

than 100 products in 27 languages. However, it is impor-

tant to note that: �. . . growth is largely a result of foreign
direct investment by the world�s largest software compa-

nies but the character of the [software] sector differs

markedly from that of other high-tech businesses in that

the indigenous Irish-owned branch of the sector has also

grown very rapidly and become a substantial industry

itself. Indigenous software firms employed over 9000

people by 1997, which was 50% of total employment

in the sector. This compares to just 4900 in the comput-
ers, pharmaceuticals and instrument engineering sec-

tors combined, despite their longer history of growth�
(O�Malley and O�Gorman, 2001, p. 304).

More recent figures, published by the National Soft-

ware Directorate in Dublin, suggest that in 1998 the

software sector in Ireland employed 21,630 of which

9250 were working in indigenously-owned companies

and 10,650 in externally-owned businesses. A further
1730 were working in software firms that were originally

indigenously-owned but were subsequently acquired by

externally-owned firms. By contrast to externally-owned

software firms, Irish-owned software firms are typically

smaller, more strongly �product� and export focussed,

and selling applications into specialised markets for

process industries, financial services and distribution.

8 Source: Israeli High-Tech and Investment Report, February 2000

(www.isitech.co.il). 9 Source: Census of Industrial Production, 1998, Table 20.
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This difference in activities and market positioning is re-

flected in figures for the software industry. In 1998,

indigenously-owned firms, for example, accounted for

42.8% of employment but only 13.7% of sales and

9.7% of software exports from Ireland.

The growth of the Irish software sector has been
particularly important in Dublin where the industry is

very strongly concentrated. O�Malley and O�Gorman

(2001), suggest that 76% of overseas software compa-

nies were located in the Dublin area as early as 1991,

and that 67% of indigenous software companies were

located in the Dublin region in 1995. O�Malley and

O�Gorman (2001), highlight four factors which they

regard as having been particularly important in under-
pinning the growth of the indigenous software sector in

Dublin: the availability of skilled graduates; grant sup-

port; domestic demand from Transnational Corpora-

tions (TNCs); and, the work experience provided by

inward investors to future software company founders.

Urban regeneration measures, including the re-develop-

ment of Custom House Docks as an International

Financial Services Centre, and more recently the desig-
nation of two further docklands Enterprise Zones sup-

ported by the Industrial Development Agency (IDA),

have also helped to attract ICT service activities to

Dublin.

To summarise, the Dublin node of the ICT global

production network may be said to comprise three main

elements. First, the Dublin region has a more than

proportionate share (around 44%) of high-tech manu-
facturing plants, located predominantly in the urban

periphery. These plants, like much of the Irish electron-

ics sector, are strongly oriented towards the production

of computers and computer components. Second, Dub-

lin also hosts a large proportion (perhaps 80%) of soft-

ware inward investment to Ireland. Primarily these are

investments by US companies designed to localise, pro-

duce and market existing software products for the
European and other markets. Third, Dublin also hosts

perhaps the same proportion of a rapidly growing indi-

genous software sector which by 1999 was almost equi-

valent in terms of employment to the externally-owned

software sector.

5.2. Value creation and upgrading

Two quite distinct value creation processes are at

work within the Dublin element of the ICT global pro-

duction network. First and dominant in value terms at

least, is that firms located in Dublin––and in Ireland

more generally––play a key role in a process by which

technology developed outside Ireland is embodied in

physical hardware and software in large-scale produc-

tion and support operations. US high-tech firms, in
particular, have over the last three decades made sub-

stantial investments in Ireland to serve European ICT

markets. Local capacities and advantages play relatively

little role in either value creation or value upgrading in

these plants, which typically depend on inward technol-

ogy transfer for new product developments etc. Indeed,

beyond their labour input the links of many such plants

to the indigenous economy are weak, and local value
appropriation is limited due to the repatriation of prof-

its. Moreover, in the absence of solid evidence to the

contrary, O�Sullivan (2000) expresses considerable skep-

ticism about the extent to which linkages between indig-

enous and foreign-owned companies in Ireland are

contributing in any significant way towards supporting

either a dynamic process of innovation or an upgrading

of labour force capabilities.
The second value creation process at work in Dublin

is that associated with the indigenously-owned software

sector. Although demand for this sector is related to the

growth of externally-owned ICT capacity in Ireland as

O�Malley and O�Gorman (2001) note, value generation

here is locally driven and value upgrading is also largely

the result of local innovation and enterprise (Crone,

2002).
The development of these two distinct value creation

processes is linked both to the history of inward invest-

ment to Ireland and to local social and industrial policy.

For example, until the late 1990s––in contrast to both

Finland and Israel––levels of public investment in

R&D in Ireland were low, suggesting a relatively low

level of public commitment to the development of indi-

genous technological capacity. Even as late as 1997,
total R&D investment in Ireland at 1.4% of GDP was

only around half of that in Finland and Israel. Business

R&D (1.03%) was also low by international standards

and was highly concentrated in externally-owned enter-

prises. Since 1997, however, significant steps have been

taken in Ireland to develop indigenous technological

capacity. Research funding available to the universities

has been increased substantially and other major in-
creases in support for business R&D have also been

announced.

More positive––and some would argue crucial to the

development of ICT activity in Ireland––has been the

expansion in Irish higher education since the 1970s.

The development of the Regional Technology Colleges

throughout Ireland, and developments in the university

network, have benefited other urban centres (e.g. Gal-
way, Limerick), but both further and higher education

places remain disproportionately concentrated in Dub-

lin (e.g. Roper et al., 2002). Irish higher education�s
effect on industrial development, however, has largely

been through the provision of a better educated work-

force, with the universities themselves having, until very

recently, weak industrial and commercial linkages. Klof-

sten and Jones-Evans (2000), for example, compare the
contribution of higher education to economic develop-

ment in Ireland and Sweden, and argue that while there
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is considerable entrepreneurial experience among aca-

demics in Ireland, and that this translates into a high

degree of involvement in �soft� activities such as consul-

tancy and contract research, it has resulted in relatively

few technology spin-offs.

Other aspects of the operating environment for high-
tech business in Ireland have also proved positive in

sustaining the process of value creation, particularly

through inward investment. Grants and subsidies for

investment, an English language base, free access to

EU markets and wage levels which have been until re-

cently moderate by Northern European standards have

combined with a 12.5% corporation tax rate applied to

both manufacturing and tradable services activities. An-
other factor worth highlighting, particularly in terms of

recent developments in Dublin, have been positive part-

nership arrangements between government agencies and

private sector developers. The evident success of devel-

opments in the designated areas is one example. An-

other, more recent, example is the partnership between

the Industrial Development Agency and a private sector

property company to establish the National Digital
Park for e-commerce development at the Citiwest Busi-

ness Campus. The cumulative impact of these environ-

mental conditions and investment incentives is obvious

both in terms of the composition of Irish high-tech

industry and in the scale of FDI flows. From 1997 to

1999 FDI into Ireland was equivalent to 47.5% of aggre-

gate investment (i.e. gross domestic capital formation)

compared to 26.3% in Finland and only 9.1% in Israel
(Table 1).

By contrast, until the late 1990s, support for high-

tech entrepreneurship in Ireland was relatively limited,

with few significant incubator facilities, and relatively

low levels of venture capital availability. Unlike Israel,

the general support framework (i.e. grant and subsidy

availability) for high-tech start-ups was also similar to

that for larger and established businesses. In recent
years, however, business incubation facilities have devel-

oped, and venture capital availability in Ireland has in-

creased significantly. Through the Seed and Venture

Capital Measure of the Operational Programme 1994–

1999, Enterprise Ireland with support from the Euro-

pean Regional Development Fund have co-funded a

number of venture capital funds and made available

(€90 million) targeted at growth oriented SMEs. This
funding is strongly concentrated in Dublin, however,

which for example was home to 17 of the 18 venture

capital funds highlighted by the National Software

Directorate. (The exception, Shannon Ventures Ltd, is

based on the National Technology Park, Limerick.)

Irish based venture capital funds totalled around

$120 m in 1999, of which $102 m was invested in domes-

tic companies and $10 m was invested outside Ireland.
In addition $380 m was invested in Irish companies by

venture capital funds located elsewhere. In other words,

of a total investment of $482 m in Ireland in 1999, 79%

came from outside the country (Baygan and Freuden-

berg, 2000, Table 5). This level of external dependence

is high by European standards with only Denmark hav-

ing a broadly similar profile.

6. Helsinki’s ICT Node

6.1. Origins and national setting

Helsinki is the political capital, financial and trade

centre, and largest city in Finland, with a population

of 555,000. The Greater Helsinki Region (GHR) has
1.8 million inhabitants out of a national population of

5.2 m, and the city region has grown faster than the

rest of Finland since 1990 both in terms of population

and employment (Tukiainen, 2003, p. 11). In 2000 the

Greater Helsinki Region accounted for 48% of all ICT

jobs in Finland (59,000) and 37% of all employment.

The dominant position of Helsinki, and more gener-

ally the GHR within Finland, is largely historical and
developed from Finland�s close historical links to its

Eastern neighbours. From the mid-1940s to the late

1980s, the development of Finland was closely inter-

twined with that of the former Soviet Union. From

the mid-1950s, Finland adopted a strategy of invest-

ment-driven growth in traditional forest, and metal

and engineering industries with very limited inward

investment. In the mid-1980s, Finnish industry and gov-
ernment began to pay increasing attention to the devel-

opment of high technology, and R&D investment rose

from less than 1.5% of GDP in 1985 to more than 2%

in 1991.

Following the collapse of the former Soviet Union,

Finland experienced a significant recession; GDP de-

clined by 10% between 1991 and 1993, unemployment

reached 16.6% in 1994, and the government experienced
a substantial budget deficit. This precipitated a signifi-

cant change in policy with a move towards promoting

an innovation-driven economy through the development

of industrial clusters. This involved first, substantial

investments in domestic R&D which reached 3.1% of

GDP by 1999, with 44.6% of the Finnish total expendi-

ture concentrated in the Helsinki region. Second, Fin-

land pursued a policy of active participation in EU
R&D programmes: by 2000, the volume of European

cooperative R&D in Finland was nearly FIM 1 billion

(€170 million) annually. Third, strong public institutions

have been maintained and developed to support techno-

logical development. A key actor has been TEKES, Fin-

land�s National Technology Agency, which provides

funding and expert services for R&D projects and pro-

motes national and international networking. Fourth,
part of the policy transition involved the internationali-

sation of the Finnish capital markets with the abolition
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of laws restricting foreign ownership. As the restrictions

were removed, foreign investment rose rapidly and by

2000, foreign holdings accounted for 74% of the total

market capitalisation of the Helsinki stock market

(Steinbock, 1998, Chapter 10). Fifth, the public author-

ities adopted a progressive attitude towards all forms of
mobile communications (see, for example, Paija, 2000;

Steinbock, 2001).

As a result, ICT activity in Helsinki grew at an aver-

age annual rate of 20% (manufacturing 32%, services

12%) from 1992 to 1999. By 1999, the value of produc-

tion amounted to an estimated €21.4 bn of which more

than 70% was equipment manufacturing and electronic

components. A key, if not the crucial, influence on the
Helsinki node of the ICT global production network

was the emergence of Nokia as the leading global sup-

plier of mobile phones (Nokia�s global market share in

2001 was 37%). By 2001, Nokia also had 18 production

facilities in 10 countries, was conducting R&D in 15

countries, and had a significant sales presence in 130

countries worldwide. The growth of Nokia was fuelled

by rapidly expanding markets but was facilitated by
external capital which meant that by 2000, 90% of Nokia

stock was held outside Finland. Nokia�s operations

remain strongly concentrated in Finland, however.

Approximately 60% of the firm�s R&D remains in Fin-

land along with some 55% of the firm�s entire production
volume (Steinbock, 2001). The symbolic importance of

Nokia in the growth of the Finnish ICT sector is hard

to over-estimate; the firm�s quantitative importance is
also significant, however, accounting for around 20%

of all Finnish R&D spending, around 70% of the total

capitalisation of the Helsinki stock exchange, and

around half of all ICT employment. In 1999, ICT

employment was estimated at around 83,000 in Finland.

Nokia itself employed 21,000 in Finland and a further

15,000 were employed in Finnish sub-contractors. 10

A number of strengths of the Helsinki node of the
ICT global production network are worth highlighting.

In particular, the node is strongly embedded in the wider

economy through technological, corporate, organisa-

tional and governmental links. Within the corporate sec-

tor this is epitomised by strong local supply-chains and a

strong dependence on locally-conducted R&D. 11 This is

in marked contrast to both Ireland and Israel both of

whose global market position is more concentrated in
a specific stage of the ICT value chain than that of Fin-

land where activity is more vertically integrated. The

strong position of Nokia in the downstream elements

of the value chain also means that a high proportion

of the value added resulting from Finnish R&D is cap-

tured by other Finnish companies. Van den Berg and

Van Winden (2002) also stress, however, the positive

role of policy makers in Helsinki in promoting such syn-

ergies between indigenous companies in related ICT
sub-sectors.

A number of weaknesses of Finland�s ICT sector

have also been highlighted, however. First, and most

obviously, growth has depended significantly on the

international success of Nokia. Second, and partly as

a result of the dominance of Nokia and mobile teleph-

ony, there is a lack of diversity within the Finnish

ICT sector, evident in the strong concentration of ex-
ports in telecommunications equipment (Table 3). In

more human terms too Finland remains the most ethni-

cally homogeneous country in the EU due to its strict,

longstanding application of immigration policies and,

to a lesser extent, its geographic location, harsh climate,

and difficult language. Lack of cultural diversity argua-

bly makes it more difficult to address international mar-

kets, restrict personal international networks, and may
limit creative diversity within Finnish companies. Other

potential difficulties relate to the more general business

environment in Finland, particularly high tax rates and

the maintenance of Finland�s high cost social welfare

provisions. More specifically, Van den Berg et al.

(2001) highlight the weakness of organising capacity at

the metropolitan scale in Helsinki, arguing that �One

of the main shortcomings is that there is no integral
vision and strategy regarding telecom and new media

on a metropolitan level. This hampers the dynamics of

the cluster, as synergies and new combinations remain

unused� (p. 96).

6.2. Value creation and upgrading

The development of Finland�s ICT sector during the
1990s was largely an urban phenomenon with strong

population growth and job increases taking place in

only a handful of urban regions, first and foremost in

Helsinki (Susiluoto and Loikkanen, 2001). Between

1988 and 1999, for example, the ICT share of total pro-

duction in Helsinki rose from 17% to 23% (Tukiainen,

2003, p. 23). Within the Helsinki region, however, ICT

and related activities are strongly concentrated to the
South and West of the metropolitan area, and are al-

most non-existent in eastern Helsinki, northern Espoo

and Vantaa. These concentrations of activity reflect dif-

ferent origins: in Espoo the sector has evolved around

Helsinki University of Technology; in Ruoholahti the

concentration is a result of city planning policies; while

the traditional concentration remains in Helsinki city

centre (see also Van den Berg et al., 2001, pp. 82–85).
One consequence is that unemployment rates have

tended to be lower in the Greater Helsinki Region than

10 Source: ‘‘Nokia jakaa kasvun ja kivun’’, Helsingin Sanomat,

August 1, 1999.
11 Although Van den Berg et al. (2001) do identify the need for

more technology transfer from larger innovative companies to smaller

firms in Helsinki and advocate the potential value of such initiatives

at a metropolitan scale.
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in other parts of Finland and average levels of produc-

tivity have been estimated to be up to 50% higher than

those in Finland�s weakest regions (Susiluoto and Loik-

kanen, 2001).

High levels of domestic R&D investment by the busi-

ness, higher education and public sectors, supported by
effective technology transfer institutions (e.g. Tekes,

SITRA), have provided the primary basis for value cre-

ation in the Finnish ICT sector. In Helsinki, the univer-

sity sector is particularly important, dominated by

Helsinki University of Technology and the University

of Art and Design Helsinki, Arabianranta. Also impor-

tant are the eight polytechnics in the Helsinki region, of

which two provide significant ICT training (Helsinki
polytechnic Stadia and the EVTEK institute of technol-

ogy). The impact of the universities and polytechnics on

Finnish industry is all the more significant because of a

well established tradition of close liaison with industry.

Such cooperation has been strongly supported by grant

support for collaborative projects from Tekes and the

partnership based research activities of the Technical

Research Centre (VTT). The largest public research
unit in Finland, VTT carries out technical and techno-

economic R&D in its own right and in partnership with

universities and industry. The organisation has more

than 3000 employees of which 2159 work in the Helsinki

region (Espoo).

Accompanying these sizable investments in R&D

have been attempts to turn Helsinki metropolitan region

into a ‘‘learning city.’’ Local initiatives focussing on edu-
cation, IT skills, promotion of competitiveness, improv-

ing entrepreneurship, and opportunities for interaction

and cooperation have been supported by national policy

intended to develop Finland into an information society

through the cultivation of ICT activity, as well as invest-

ments in education, research, and product development.

Value appropriation from ICT related R&D in

Finland has been shaped largely by Nokia�s strategic
decisions during the 1990s, and in particular by the

decision not to vertically integrate into semiconductors

(unlike its direct rivals Motorola, Ericsson). Instead, in

addition to developing its R&D networks, Nokia fo-

cused on the downstream side of the value chain (e.g.

brand, segmentation, design), and developed extensive

and long-term supplier relationships with other com-

panies within the Finnish ICT sector. This strategic
decision, together with Nokia�s dominance, has had

important implications for the development of the Finn-

ish ICT sector and local enterprise. On the positive side,

outsourcing by Nokia has created growth opportunities

and challenges for Finnish firms. Nokia�s sourcing strat-

egy also contributed strongly to the development of ICT

activity in the Greater Helsinki Region which provides

the base for almost all Nokia suppliers.
On the more negative side, the importance of Nokia

as a lead customer has meant that many Finnish firms

have developed as subcontractors, possessing little stra-

tegic flexibility. Business models have had to be custom-

ized to Nokia�s requirements, with suppliers forced to

focus on cost reduction strategies rather than developing

independent market positions (Steinbock, 2001). The

increasing requirement during the 1990s for Nokia�s
suppliers to be able to supply globally has also domi-

nated firms� investment decisions, forcing a dependence

on a single major customer relationship. Third, and of

broader consequence for the Finnish ICT sector, has

been that the domestic supporting sector has specialised

in meeting the needs of Nokia rather than developing

any significant diversity.

High-tech entrepreneurship and start-ups have also
yet to achieve prominence in the Finnish ICT sector

industry despite substantial development in terms of

venture capital and other supports for entrepreneurial

activity in Finland. Venture capital support, in particu-

lar, expanded rapidly during the 1990s stimulated by the

Finnish government�s policy of pump-priming venture

capital investment since the launch of the Start Fund

of Kera Oy in 1990. By the end of 2000, Finland�s Ven-
ture Capital Association had 35 member organisations

of which half a dozen were public venture capital organ-

isations, such as SITRA, and the rest were private ven-

ture capital firms, such as Eqvitec Partners, CapMan

Capital Managament, and Merita Capital. 12 Private

venture capital accounted for 91% of funding although

the dominant source of funds remained Finnish in ori-

gin. In addition to the wider availability of VC funding,
a number of other positive influences on entrepre-

neurship in Finland are worth highlighting. First, as

indicated above, Finland has a well developed and

commercially focused higher education system and an

institutional and financial commitment to supporting

commercially oriented research. Second, through

TEKES, SITRA and the Employment and Economic

Development Centres (TE-centres), Finland provides
substantial public support for start-up companies.

Third, schemes designed to allow start-ups to draw on

the managerial resources of Finland�s larger companies

through mentoring/guidance programmes have been

developed to increase the probability that high-tech

start-ups succeed.

The liberalisation of Finland�s capital markets and

the relaxation of regulations on external ownership of
Finnish companies in the early-1990s also opened the

door to greater external involvement in the Finnish

economy. The nature of the involvement has been very

different, however, to that in Israel and Ireland. In par-

ticular, external investment has been primarily attracted

12 In the following venture capital sections, the data originate from

the annual industry reports of the Finnish Venture Capital Association

(FVCA).
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by established companies such as Nokia, by other ICT

businesses and––to a more limited extent––by the poten-

tial rewards of venture capital investments in Finnish

ICT start-ups. Very little investment has flowed into

Finland with the intention of developing the large-scale

production facilities which have characterised inward
investment to Ireland. In other words, inward invest-

ment to Finland during the 1990s was primarily at-

tracted by Finnish technology and enterprise rather

than other factor endowments. Inward technology

transfer accompanying the investment was therefore

limited, with external investment facilitating the devel-

opment of the Finnish element of the ICT global pro-

duction network rather than having any very profound
impact on its technological trajectory.

7. Discussion

As we have seen, hyper-capitalism in the ICT global

production network during the 1990s created new

opportunities for Helsinki, Dublin and Tel Aviv. Their
final positions within the ICT global production net-

work are summarised in Table 4, ranking each influence

on the local ICT node as either dominant (D), high (H),

medium (M) or low (L). Knowledge generation in Dub-

lin, for example, was dominated by inward technology

transfer while both the Helsinki and Tel Aviv nodes of

the ICT global production network drew more strongly

on the local knowledge base. In Helsinki, public and pri-

vate R&D investments supported the highly effective

globalisation strategy of Nokia to create a strongly

localised, vertically-integrated and strongly specialised

node around mobile telephony (Table 4). Value creation

in the more diverse Israeli ICT sector was also based pri-

marily on locally developed technology, university R&D
and the commercialisation of technology developed ini-

tially for military applications.

Partly as a result of these patterns of knowledge

creation and diffusion, the primary mechanisms for

knowledge exploitation and appropriation also differed

between the three cities (Table 4). In Dublin, local

appropriation from ICT activity was largely through

wage receipts and local service provision as well as local
corporation taxes. Profits from the sector were largely

remitted to US-based parent companies. Weak local

supply chains also meant that generally indigenously-

owned Irish manufacturing firms derived little direct

benefit from ICT growth, the exception being the entre-

preneurial and indigenous Irish software sector, which

developed rapidly though the 1990s (e.g. Crone, 2002).

By contrast, ICT activity in and around Helsinki, cen-
tred on Nokia, was dominated by indigenously-owned

firms with strong local supply chains ensuring local

value appropriation (Table 4). Entrepreneurship, how-

ever, remained relatively unimportant in Finland until

the late 1990s, unlike Tel Aviv where an entrepreneurial

dynamic––backed by inflows of knowledge seeking cap-

ital––was the dominant driver of ICT development dur-

ing the 1990s (e.g. Cooke et al., 2001).

Table 4

Qualitative Summary of GPN Structures

Tel Aviv DHML Dublin DHML Helsinki DHML

1 Value generation and upgrading

1.1 Knowledge generation

Universities H L M

Business R&D H L H

Inward technology transfer L D L

Diversity H M/L L

1.2 Knowledge diffusion

B2B networks M L H

B2G networks H L H

Local supply chains L L H

1.3 Knowledge exploitation

Entrepreneurship H M L

Inward investment L D L

Exiting indigenous industry M L D

2 Power

Corporate L M H

Collective L L L

Institutional H M H

3 Embeddedness

Territorial H M/L H

Network H M H

D, dominant; H, high; M, medium and L, low.
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Beyond the process of value generation and upgrad-

ing, Henderson et al. (2002) identify two other elements

of a global production network: the balance of power

between corporate, collective and institutional actors,

and territorial and network embeddedness (Table 4).

Of the three cities, corporate power has probably had
the most prominent role in ICT development in Hel-

sinki with the dominance of Nokia and its almost sym-

biotic relationship with the Finnish government. No

single company has played such a consistently signifi-

cant role in either Tel Aviv or Dublin, although compa-

nies such as Checkpoint and Iona Technologies have

been symbolic of positive developments in each area.

Collective power in terms of representative business
and labour organisations were a benign influence in

each country during the 1990s, with organisations such

as the Irish Software Federation and the Finnish Ven-

ture Capital Association playing a positive developmen-

tal role (Table 4). Perhaps more important in shaping

ICT development were institutional and governmental

power, particularly in Israel and Finland (Table 4). In

both countries, government adopted a proactive stance
throughout the 1990s, investing heavily in R&D infra-

structure and activity, concentrating resources on

higher education R&D, and focussing on the develop-

ment of the national innovation system. In Ireland,

by contrast, despite the acknowledged importance of

technological development (e.g. Government of Ire-

land, 1996), levels of public investment in R&D re-

mained relatively low by international standards until
the late 1990s.

The nature of the value creation and upgrading proc-

esses in three cities clearly suggest a distinction in the

territorial embeddedness of ICT activity between Tel

Aviv and Helsinki on the one hand and Dublin on the

other (Table 4). In terms of network embeddedness,

however, the distinction between the three cities is

defined primarily in terms of their position within the
global ICT value chain. Two factors characterise this

position: the degree of vertical integration within each

cities� ICT sector, and the degree of diversity of ICT

activity (Fig. 1). In Tel Aviv, for example by 2000,

ICT activity was strongly integrated into the early

(developmental) stages of the global ICT value chain

across a diverse range of industry sub-sectors. In Dub-

lin, activity was less diverse, and also concentrated in
the production/distribution segment of the global ICT

value chain. In Helsinki, ICT activity was focussed

around mobile telephony and its applications with a

high degree of vertical integration.

For each of the cities considered here, participation

in the ICT boom of the 1990s brought substantial ben-

efits, however, participation was not costless, with each

city facing labour shortages, congestion, rising housing
costs and increasing income disparities. For example,

Felsenstein (1997) notes that even by 1996 large high-

tech firms in Tel Aviv were drawing employees from

the Haifa, Jerusalem and Beersheva areas up to a

100 km away. �High technology firms are therefore

transforming metropolitan labour markets into na-

tional labour markets�. Essentially similar issues have

meant that road congestion and rapidly rising house
prices have also become a barrier to development in

Dublin due to urban extension, inadequate public

transport infrastructure and inconsistent local and met-

ropolitan planning policies (McGuirk and MacLaran,

2001). Congestion has been less of an issue in Helsinki,

but here too housing prices rose rapidly during the

1990s (Tukiainen, 2003). In addition, Vaattovaara

and Kortteinen (2003) note that in Helsinki develop-
ments in the ICT sector (or more widely �informational

development�) have led to an increasing gap between

the demand for skilled and less-educated workers.

This, in turn, has contributed to a polarisation of the

income distribution, a breakdown in the egalitarian

Nordic welfare regime, and the development of a more

bimodal socio-economic structure of �haves� and �have-
nots� that �seriously challenges the egalitarian ethos
of the regime� (Vaattovaara and Kortteinen, 2003,

p. 2143).

8. Conclusions

Our focus in this paper has been on the development

of ICT activity in Tel Aviv, Dublin and Helsinki
through the boom period of the 1990s. What is obvious

is that the development path of each city was strongly

conditional on its inherited technological and institu-

tional capabilities as well as local and national policy

initiatives during the 1990s. In each city, however, the

strength of the influence of inherited capabilities and

current policy was different. In Tel Aviv, development

during the 1990s was perhaps most strongly dependent
on past investments in knowledge generation capability

in the universities and military establishment, with a lib-

eral policy environment during the 1990s, and an easing

of security pressures, encouraging high-tech entrepre-

neurship. In Helsinki too, prior investments in knowl-

edge generating capacity and a well established social

and economic consensus were important in the develop-

ments of the 1990s. Equally important, however, were
policy liberalisation––particularly in respect of capital

markets––and, given its flagship role, the strategic deci-

sions made Nokia. In Dublin, and more generally in

Ireland, ICT development during the 1990s probably

depended more strongly on the current policy stance,

with inherited effects being weaker than in either Hel-

sinki or Tel Aviv. In particular, the importance of in-

ward investment over this period meant that ICT
development in Dublin essentially represented a break

with the past rather than the process of organic and
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cumulative development seen in Tel Aviv and

Helsinki. 13

Local conditions were important but equally impor-

tant to each city�s development, was the availability

of internationally mobile capital during the 1990s.

For Dublin this came primarily in the form of inward
investment complete with related inward technology

transfers. For Helsinki, this was primarily rent seeking

capital, epitomised by the increase in market value and

internationalisation of ownership of Nokia. For Tel

Aviv the picture was slightly more complex with exter-

nally funded venture capital growth running alongside

knowledge seeking inward investment in R&D and

development facilities. In each case external capital
facilitated the exploitation of each city�s specific advan-

tages, and to a greater (Dublin) or lesser (Helsinki) ex-

tent changed the cities technological and development

trajectory.

In each case therefore, what we observe in terms of

ICT development during the 1990s was the result of

competing, and sometimes complementary, local, na-

tional and global factors. Adopting a purely local focus
would have restricted our view of the position (i.e. net-

work embeddedness) of each city�s ICT activity within

the global value chain. Adopting a purely international

perspective would have masked important differences

in the process of value generation and upgrading and

territorial embeddedness of ICT activity in each area.

The global production network, encompassing both

local and global forces, overcomes these difficulties
and has provided a valuable lens through which to view

these local–global interactions and developments.

Equally clear, however, is that in this paper we have

only begun to scratch the surface of the local–global

interactions which have shaped ICT development in

each area. A valuable next step would be to examine

in much greater detail the pattern and development

of local–global linkages in each city, focusing on each
local–global dyad and considering actors� ability to

contribute to value generation, power and motivation.
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