ET 1

05348

{?A’é/

NEW TECHNOLOGY AND

~ REGIONAL DEVELOPMENT

Peter Nijkamp

Researchmemorandum [986-1 februari 1986

VRIJE UNIVERSITEIT
FACULTEIT DER ECONOMISCHE WETENSCHAPPEN
AMSTERDAM






NEW TECHNOLOGY
AND
REGIONAL DEVELOPMENT

Peter Nijkamp

Dept of Economics
Free University
P.0. Box 716!

1007 MC Amsterdam

The author gratefully acknowledges the assistance provided by

Huub Bouman, Theo Thuis and Bram Verhoef

Paper presented at the conference
on 'Long Term Fluctuations in
Economic Growth',

Weimar, June 1985,






Abstract

New Technology and Regional Development

Peter Nijkamp

This paper focuses on the regional development dimensions of the new technology
sector, which is generally regarded as one of the driving forces behind structural

economic changes reflected inter alia in long waves.

A first aim of the paper is to demarcate more precisely the term "new technology'

Various features of this concept are discussed, while finally - instead of a cross-
section approach - a selective sector approach is used to define the new techmology
sector., '

A second aim of this paper is to analyse the locational patterns of new tech-
nelogy, based inter alia on concepts like agglomeration economies and incubator
functions of the new technology.

Finally, a third aim of the paper is to describe a case study on regional
dimensions of the new technology sector in the Netherlands. It is concluded that
this sector is not necessarily concentrated in big cities, but exhibits a more
scattered spatial configuration, although it is oriented toward the breeding place

function of large cities (the 'urban climate' hypothesis).






i. Introduction

In the history of economic thought technology has almost never been treated
as an explicit subject matter, Technology was mainly regarded as a datum for
economic analysis (the so-called 'data crown' hypothesis; see Eucken, 1950},

In recent years however, a profound interest in causes and effects of techno-
logical changes - seen from an economic viewpoint - has emerged. The economics
of technological change has come to the fore as an intriguing research issue
(see Stoneman, 1983, e.g.).

In the past years technological innovation has also.been interpreted in the
context of Schumpeter's view on techmological revolutions as driving forces
behind the Kondratieff cycles (see also Kleinknecht, 1984}, Especially clustered
innovations have in the past exerted a profound impact on western societies
(railways, electricity, automobiles etc.). The introduction of new technologies
requires a 'basic science' comnected to 'technical exploitation', followed by
'imaginative laps' that precede all upswing phases in a Kondratieff long wave
(see also Rothwell and Zegveld, 1981).

Much scientific discussion has also emerged on the question whether new tech-
nologies are a result of a demand pull or a technology push. A great deal of
confusion in this field has however arisen because of a fuzzy use of the term
new technology, especially because the motives and impacts of process, product,
institutional and managerial innovations may be quite different.

Technology as the 'society's pocl of knowledge regarding the industrial arts'
(Mansfield, 1968) is however not a homogeneous knowledge asset, but is marked
by a wide variety of different appearances ranging inter alia from small-scale
to large-scale forms and from traditiomal to advanced activities. In the past
years, much attention has been focused on new technologies, as it is a widely
held belief that technological change may be one of the driving forces for new
economic progress in an era of stagnation and structural change (cf. Nelson and
Winter, 1982, and Rosegger, 1980). However, the terms 'new technology’', 'advanced
technology' or 'high technology' are not unambiguously defined and deserve closer
attention. In the paper an attempt will be made at demarcating more precisely
the meaning of the concept 'new technology'.

A second aim of the paper is to analyze the leocational patterns of new tech-
nology. For instance, in recent years it has often been claimed that large
metropolises are loosing part of their innovative potential with regard to large
firms in favour to medium-size cities (see Malecki, 1983). 1In the light of the
uneven geographical distribution of the new technology sector, it may be an im-
portant research objective to identify the economic motives for locational be-

haviour in the new technology sector,



Finally, the present paper will describe a case study for the Netherlands
on the location pattern of new technology activities, It will be concluded
that the new technology sector is not necessarily located in large cities, but
may exhibit a more scattered spatial configuration although it is at least
oriented toward the breeding place function of large cities (the 'urban climate'

or 'incubator' hypothesis).

2, New Technology in an Era of Change

Technology is not a datum in entrepremeurial behaviour, but may be one of
the instruments to improve the relative economic position of a firm, Clearly,
there must be a need for employing this instrument in 2 competitive system.

In addition, the financial resources, capital and entrepreneurship must provide
the conditions for technological changes, Other important prerequisites for
technological innovation are the availability of an appropriate (external)

knowledge infrastructure like transfer centres, science parks and knowledge centres

(see Mouwen and Nijkamp, 1985) and a sufficient level of (internal) R & D in-
vestments (see Andersson and Johansson, 1984},

New technologies imply that inventions are successfully tfansformed intoe
innovations which are technically feasible and commercially attractive. This
implies a successful implementation of new products or production processes, and
a successful introduction of related management and marketing changes (including
the search for new markets or new market segments). Consequently, technological
innovations require also a successful use of new information techmology (NIT),
as the information infrastructure is an essential ingredient in any (private or
publie) development strategy {(see also Gillespie et al., 1984},

Technological innovation has also a close link to the product life cycle,
The various (successful) stages of a new product require special technological
changes and R & D efforts., First of all, the phase of invention and introduction
of a product requires a close orientation toward both R & D divisions and sales
markets, Next, during the expansion phase more attention is needed for an increase
of product standardisation and labour productivity, given the competition with
other entrepreneurs on the same market, In the third stage, an orientation to-
ward more capital intensity and product export is necessary in order to prevent
a stagnation in sales. And finally, in the maturity stage both domestic and foreign
competition becomes so strong that — unless new market segments are created through
increased product specialisation or a cooperation with competitors is realized =-
a decline will commence.

Each phase of such technological innovations may have its own specific R & D

and technology requirements, as well as its own specific locational requirements



{see also Brotchie et al., 1985, and Stdhr and Schubert, 1984), Consequently,
regional development is co-determined by the life cycle phase of a new technology

(see also section 3).

The demarcation of new technology — in contrast with other technology ~ is

not an easy task., In principle, two different approaches can be distinguished,

viz, the cross-section approach and the selective gector approach,

The cross=section approach examines all sectors of the economy and attempts

te identify - on the basis of detailed surveys - the share of technological
innovations (especially advanced technology) in each individual sector (for
instance, by assessing the R & D input in each individual sector). This is

a useful research strategy, although it is a fairly time-consuming approach
which does not always give accurate answers {see Kleinknecht and Mouwen, 1985,
and Mouwen and Nijkamp, 1985).

The selective sector approach tries to identify those sectors in the economy

which are characterized by a high degree of use of new technology activities.
The main problem here however is the definition of new technological activities,
especially because a broad sectoral classification would not be satisfactory.
In the literature, various definitions of new (advanced or high) technology
have been given., Despite a certain vagueness or fuzziness in the terminology
(cf, Haustein, 1982), varicus attributes of new technology can be identified.
In general, new technology is marked by:
- the use of highly skilled employees, many of them arescientists or engineers
(Deody and Munzer, i981; Rogers and Larsen, 1984) ‘
= a high ratio of R & D expenditures to sales (Docdy and Munzer, 19813 Hall and
Markusen, 1983; Premus, 1982; Rogers and Larsem, [984)
~- a nation-wide or world-wide market for the products{Doody and Munzer, 1981;
Rogers and Larsen, 1984)
~ a fast rate of growth (Doody and Munzer, 1981; Hall and Markusen, 1983; Rogers
and Larsen, 1984)
- a high degree of labour intensity in the production stage (Doody and Munzer,
1981, Premus, 1982),
In conclusion, the new technology sector can mainly be found in technically-
oriented industries based on scientific and technological practices which lead
to a relatively high growth rate of value added, Examples of such industries
are: chemics, electronics, airecraft and instruments.
It is clear that a sharp definition and identification of the new technology
is hard to give, because of rapid changes in many industrial sectors, incompara-

bility of technological information, a firm's specific position in a product cycle,



lack of disaggregate empirical data on production processes at the micro level
(even at the level of divisions or plants within one firm), and lack of a sharp
distinction between new techmnology products and new technology processes (see
also McQuaid and Langridge, 1984).

In the present paper the attention will mainly be focussed on firms (or in-
dustrial sectors) producing new technology products and which are to a large
extent marked by the abovementionad features. For practical reasons, in the
empirical part the selective sector approach will be used, so that major attention
will be givenm to a selected set of (fairly detailed and disaggregated) industrial

sectors which comply with the abovementioned features,

3. The Location of New Technology Firms

The locational analysis of new technology firms is still underdeveloped:
a clear theoretical framework is lacking, while various case studies provide
sometimes only anecdotal observations (see Malecki and Varaiya, 1985).

Nevertheless, a few more structural spatial development patterns seem to
emerge. New technology firms are increasingly dividing their activities into
routine (or standardized) and non-routine (or innovative) operations. The
non-routine {(mainly R & D—orientedj activities tend be concentrated in only
a few locations marked by significant agglomeration advantages such as a good
geographical accessibility. For instance, Bekman (1980) indicates that American
computer firms tend to maintain their innovative activities in only a few regions
(like California, Texas or Massachusetts). Standardized production and assembly
operations are either moving intce small towns or peripheral areas or inte low
wage Third World countries (cf. Bluestone and Harrison, 1982),

Next, non-routine activities in the new technology sector relies heavily
on skilled and professional labour input, so that also the quality of the resi-
dential climate (including socio-cultural émenities) becomes a major locational
motive for high technology firms (see also Brotchie et al., 1985, and Hall et
al., 1983)., Similar results were found by Oakey (1981) in a study on the British
instruments sector, who came to the conclusion that skilled workers largely de-—
termined the location of production. This result was supported by Malecki (1984)
and Qakey (1983) who observed that locational preferences of technical personnel
exert a large influence on the location decisions of R & D. This personnel appeared
to attach a high priority to cultural, educational and employment opportunities
in urban areas.

With regard to routine activities, especially of multi-~plant corporate organi-
zations, it is evident that low-skill labour is still the main input. In as far

as low=skill employment is abundantly present im various regioms, it is mainly the



wage level which is determining the locatiomal pattern of these standardized
activities (see Hansen, 1980). It should be added however, that these activities
may fairly capital intensive, so that ageing and life cycle processes of capital
stocks may alsc exert a significant long~term impact on industrial location
patterns of new technology firms. |

In addition, it has to be mentioned that a large concentration of new technology
activities may lead to congestion phenomena, especially if innovative firms create
spin-off effects which lead to a rise in routine activities. Premus (1982), for
instance, observed that in recent years there is 2 tendency of American new tech-
nology firms to move from the Sunbelt-states to the Mid-West due to bottleneck
factors (such as high wage rates, high land rents, insufficient areas for indus-—
trial expansion, high local taxes and traffic congestion). Clearly, this 'crowding
out' phenomenon may also be related to the firm's position in a product cycle.
Similar results were found for Scotland by Cross (i1981) for the Netherlands by
Hoogteijling et al, (1985) and Wever (1984), and for Germany by Wettmann(l983).

Another (important) locational determinant of the new technology sector is its
orientation toward an accessible communication and information network (see also
Thwaites, 1982), so that this sector is either located in nodal points of a physical
communication infrastructure or in areas near research and educational institutes
(Levy, 1983)., This may alsoc lead to job=hopping, for instance, in the Silicon
Valley.

A final relevant component of an innovation infrastructure of the new technology
sector is the availability of venture capital (Rothwell, 1982), especially in
those countries which are marked by regional variations in the provision of venture
capital, This may especially hold true for large countries (like the USA) with
segmented markets for venture capital., In small countries however, it is plausible
to assume that regional differences in venture capital hardly exist, so that this
is not a location-specific factor (though it may be generic determining factor for
new technological innovations in the country as a whole).

The foregoing remarks lead tc the following propositions which will be further

tested in am empirical study on the locational pattern of the new technology in
the Netherlands:

Non-routine {( R & D-oriented) new technological activities are sensitive to

communication, information and accessibility, so that their location may be

expected in nedal points of a spatial network

- Routine (standardized) mew technological activities and operations may exhibit
a more scattered pattern due to crowding out effects

- New technological activities recruiting higﬂly Skille& employees attach a high

priority to a favourable residential climate near major urban agglommerations



-~ The location of the new technology will not be influenced by the wage level
and the presence of venture capital, in as far as in a small country significant
regional differences in these locatiomal factors do not exist,

These propositions will now be examined in the context of a Dutch case study

on new technology.

4, Location of New Technology in the Netherlands: a Test

Following the arguments put forward in sectioms 2 and 3, we shall first in
the present section pay attentionm to the operational demarcation of high tech-
nology sectors in the Netherlands and to the operational definitiom of locational
determinants of the new technology (see also Bouman et al., 1985).

The conventional sectoral subdivision of Business Week — Data Resources is
based on 5 categories: energy, agriculture, high technology, services, and old
line industries. For our case study, based on the abovementioned selective sec-
tor approach, the following activities in the Dutch economy at a 4-digit standard

industrial classification are assumed to belong to the new technology sector:

code of a standard
industrial classification

in the Dutch economy new technology sectors im Dutch economy
3581 office equipment
3593 weighing instruments and retail equipment
3693 _ electric and electronic measurement and control equip-

ment and electromedical equipment

3694 telecommunication and signal equipment

3695 radio, television and electronic equipment

377t aircraft

3811 medical, surgical, dental and veterinarian instruments
3821 measurement and control instruments

3831 optical and phototechnical instruments

3841 clocks and watches

Table 1. New technology sectors in the Dutch economy.

This classification is mainly based on the design of new products; the use of high
tech products by other sectors is left out of consideration, as the use is not
regarded as a new techmology activity per se (unless the use of such products is

necessary for designing more advanced new technology products, as is the case in



the medical sector, the robotics sector and the optical industry),

The spatial dispersion of new technology firms in the Netherlands has been
analysed on the basis of a sample among firms in the sectors included in Table 1
(provided by the Dutch Chambers of Commerce). The location of all new technology
firms could be derived from this sample, so that a detailed imsight into the
geographical pattern of the new technology sector in the Netherlands could be
obtained. Some results will briefly be presented here., Table 2 contains a
representation of the spatial dispersion at the provimcial level in the Netherlands,
based on the location quotient {(the ratio of the provincial share of the new

technology sector with respect to provincial share of the total industrial sector).

no, of new technology no. of industrial locationm quotient

firms establishments

province abs, A abs. z

Groningen 36 2.8 1499 3.2 0,88
Friesland 26 2.0 1860 4,0 0.55
Drente 26 2.0 1005 2,2 0.90
Overijssel 76 5.0 3365 7.3 0.69
Gelderland 119 9,2 5748 12,4 0.74
Utrecht 129 10,0 2902 6.3 1.59
Noord-Holland 268 20.8 8405 18.1 1,15
Zuid-Hoiland 340 6.4 9220 19,9 1.33
Zeeland 22 1.7 1026 2.2 ¢.77
Noord-Brabant 159 12.4 7579 16,3 0.76
Limburg 73 5.7 3545 7.6 0.75
Zuid-Ysselmeer 13 1.0 253 0.5 2.00
Total 1287 46407

Table 2. Location quotient for Dutch new technology firms.

Table 2 leads to the clear conclusion that the new technology sector is over-
represented in the three industrialized and urbanized provinces (the so-called
Randstad or Rimeity)., These results seem to confirm conventional wisdom that the
new technology sector is very much oriented toward large-scale agglomeratioms in
which an urban and industrial character prevails.

However it is interesting to provide some results at a more spatially disaggre-
gate level (the so-called COROP-level marked by 40 nodal regions). These results

are presented in Map 1.



Map 1. No. of regional technology
establishments.

This map demonstrates a slightly different pattern. It is still evident that
various nodal regions in the three abovementioned urbanized and industrialized
provinces are characterized by an overrepresentation of new technology firms,
but this does certainly not hold for all nodal areas in the provinces. Some nodal
aredas appear to have even 2 strong underrepresentation of new technology firms.
Furthermore, various regions outside the Randstad appear to have a fairly strong
new technology orientation as well. Consequently, ecological fallacy may lead to
a biased interpretation of the actual spatial distribution of new technology firms.
The same pattern as presented by Map | was obtained by examining the spatial dis-
persion of the new technology firms in terms of employment. A first look at Map 1
suggests that the locational pattern of new techmology is closely related to the
presence of an urban agglomeration marked by a high degree of accessibility and
of R & D infrastructure, Similar results have been found for the USA by Premus
{1982) and for France by Aydalot (1984). These results suggest also that the

diffusion of high technology firms does not exhibit a hierarchical distance-decay



pattern from the centre, but rather a multiple nuclei pattern, This pattern can
be further analysed by examining the locational determinants of the new techmology
sector.

An operational definition of the locational determinants discussed in the pre-
vious section is a far from easy task. The following indicators based on awailable
Dutch data have been used:

(1) education: the regional share of high-skill employees in the total regional
labour force.

(2) R & D infrastructure: the (weighted average) distance of each regional main

centre with respect to all R & D centres (university institutes, public research
institutes, technology and transfer centres, and the like)

(3) amenities: a (weighted) socio~cultural index comstructed on the basis of the
regional availability of recreatiomal facilities, monuments and cultural facil-
ities (standardized for the number of inhabitants per region)

(4) venture capital: the regional supply of venture capital provided by (publicly

financed) regional development corporations,
(5) urbanisation: the share of regional population living in big cities.

An econometric test of the validity of these locational determinants at the pro-
vincial level would lead to unreliable resulis in the light of the low number of
provinces (12), Therefore, an adjusted approach has been adopted here. From our
literature survey it has become clear that at least a ranmking of the order of im-
portance of these locational determinants can be derived., In most cases, an orien-
tation towards large agglomerations is regarded as an extremely important explanatory
factor for the spatial pattern of the new technology sector (indicator (5)),
followed by high-skill educational facilities (indicator (1)) and R & D infrastruc-
ture (indicator (2)), while amenities (indicator (3)) and venture capital (indi-
cator (4) Yhave usually a much lower ranking. Based on expert views and intuition,
the following weight coefficients have been used in an explanatory model for the

geographical distribution of the new technology firms (Table 3).

location indicators (1) (2) (3) (4) (5)

weights 0.25 0.2 0.1 0.1 0.35
Table 3. Weights attached to locational determinants,

By calculating mext by means of a linear model the expected geographical dispersion
of new technology firms, based on the weights in Table 3 and the actual regiomal

observations on the locational determinants (1) - (5), a fairly satisfactory result



is obtained: 96 percent of the variance in the actual geographical pattern of new
technology firms is explained by the weights in Table 3. A check by means of a
regression model confirmed the results for the main indicators (1}, (2) and (5),

while for the remaining indicators insignificant results were obtained.

5. Retrospect

The following conclusions can be inferred from the abovementioned case study,
Not all propositions mentioned in section 3 could be tested due to the limited
empirical data om the locaticnal pattern and motives of new technology firms.

The available data however support the hypothesis that new technology firms tend
to locate on nodal points of an accessible network, with a strong orientation
towards large urban agglomerations. This bias against the urban 'milieu' is once
mere favoured due to the high-skill and R & D requirements of new technology firms,
Crowding out effects could be observed in two respects: {(l) the trend toward a sub-
urban location (with a favourable living climate) of new technology firms, and

(2) the trend toward am urban location in intermediate and/or peripheral areas.
Regional differentiation of wage levels and of the supply of venture capital could
hardly be observed in the Netherlands, so that these factors vanish as explanatory
determinants of the geographical location pattern of the new techmology sector.

And finally, due to lack of available data om routine versus non~routine data at
the firm level, the spatial differentiation between routine and non-routine new
technologies could not be examined, The overall conclusion is that the empirical
evidence from the Netherlands supports most hypotheses offered by the present
literature, while the differences that are occurring are mainly due to the spatial
scale of the country.

Our findings on the metrepolitan orientation of the new technology sector have
various policy implications: a regional development policy focussing on new tech-
nology should take the metropolitan area as its geographical base. In this area
the conditions for new technology location have to be favoured by supporting the
development of comtact and information flows, as this determines the comparative
advantage of the area (¢f. Brotchie et al., 1985). Such agglomeration advantages
are of utmost importance for the creation of advanced knowledge and creativity
(requiring inter alia advanced educational institutes and R & D centres). The
economic potential of such agglomerations is thus strongly determined by public

overhead capital inducing the development of the new technology sector.
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