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Abstract

In this Discussion Paper we analyse how Europe’s ICT ambition can be translated
into a policy agenda. To achieve this, we provide a quantitative overview of the
importance of ICT and the relative position of Europe versus the US. Next we
provide a discussion of potential explanations for the differences in ICT use and
production. We find that Europe’s position with respect to ICT use and production is
not only worse compared to that of the US. In some areas Europe is ahead of the
US, whereas in others Europe lags on an aggregate level. Our main conclusion is
that Europe should not aim at creating an ICT-production cluster but it should aim at
removing barriers to ICT use. The reasons are as follows. It is not a sensible
strategy to specialise in industries where one has a comparative disadvantage.
Moreover, the largest benefit from ICT is in its use not in its production.
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Introduction

The Lisbon Council identified the “transition tcetknowledge-based society ” as an important
element for the European Union to reach the tasfjpecoming the world’s most competitive
economy in 2010.

The motive for the Lisbon agenda - and our analysighat, towards the end of the 1990s, it
became clear that the macroeconomic performantteedS was remarkably better than that of
other regions in the world, like Europe. With retjéo the development of GDP, labour productivity
and employment, the US outpaced most other cogritrithe recent past (see table 1.1). In fact,

labour productivity growth has accelerated in tt& Whereas it has decelerated in the EU.

Table 1.1 OECD Regional growth summaries, 1990-2002

EU us Japan OECD

annual percentage changes

GDP

1990-1995 1.6 2.3 1.4 2
1996-2002 2.3 3.3 0.9 2.6
Labour productivity

1990-1995 2.5 1.1 1.8 1.7
1996-2002 1.3 1.9 1.8 1.8
Employment (hours worked)

1990-1995 -0.8 1.2 -0.4 0.3
1996-2002 1.4 -0.9 0.8

Source: R.H. McGuckin and B. Van Ark (2002)

To explain this remarkable divergence in produttiperformance between both regions, the focus
has primarily been on the impact of Information &ammunication Technology (ICT). Increased
productivity growth in the ICT producing sectoriggued to be one of the main sources of the US
productivity acceleration. Moreover, cross-regidgifietlences in productivity performance appear
also to be related to the use of ICT, as investsieniCT were lower in Europe. But, does ICT
really make the difference? And if so, what doés itimply for growth, and most importantly, for
European policy?

Against this background, this paper analyses tbha@uic performance of Europe. We compare
the European ICT producing sector - the sectorgh@duces the ICT goods and services - with its
counterpart in the US. Moreover, the paper exantimeeffect of ICT use on the productivity
performance of Europe. To assess the role of IG€aching the goals agreed upon in Lisbon we
address the following questions. First, what isrtile of ICT in the economy and how important is

ICT for the ‘Lisbon’ agenda. Second, how good (ad)is Europe’s relative position with respect to
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the production and use of ICT. Third, how much pti#g does the ICT revolution still have for both
the US and the EU economies. Finally, is thererg@kfor policy, to improve Europe’s future
benefit from its current position.

We answer the last three questions as follb@srope’s position is only weak when you wear
one-eyed glasses; only the production of hardwsaseniall and productivity growth in that part of the
ICT producing sector is low in Europe comparech®WS. The next question is answered boldly
with: yes, probably there is still a lot to exp&om ICT. If spillovers of ICT knowledge can be
ignored, we add to this the notion that it is rwery important to produce ICT but that it is more
valuable to use ICT. And finally, policy: the ‘egeeen’ policy advice that structural reforms are
necessary again holds, mostly because of the tbgtovhat is good for the economy in general, is
good for the ICT producers and users. Also, wemptesise the importance of educational policy
and the like. However, more specific policy opti@ms: to re-evaluate patent and copyright policy,
to monitor firms in the ICT producing sector in erdo prevent abuse of a monopolistic position and

to watch price-discrimination with different eydmh before.

The structure of the paper is as follows. Sectialis2usses the main characteristics of ICT by
sketching the specific characteristics of ICT. Tégstion states that ICT can be seen as a general
purpose technology. The section continues by amagjythe strengths and weaknesses of Europe
versus the US with respect to the size and prodtictf the ICT producing sector and thee of

ICT in the economy. Section 3 interprets thee evidefrom Section 2, by posing the question
whether Europe’s position is worrisome. Sectiorxdnaines potential market failures related to the
specific features of ICT and it provides a preliarynexplanation of the observations in section 3.
The final section discusses European policy optioesed from the ambition becoming the world’s

most competitive economy in 2010.

Strength and weakness of Europe's ICT production and
use

ICT as a general purpose technology

How to assess the ICT revolution? The hype abautebhnology’s new opportunities resulted
in a stock-market boom. The subsequent stock-marksttbrought expectations about the
revolution down to earth with a bump. Is ICT nothspecial or has the stock-market bust lead
to an overly gloomy perspective on ICT? In thistisgcwe address this question from a
theoretical perspective.

' The first answer is merely a theoretical exposition as a framework for the subsequent analysis or

questions.



Can ICT be entitled as a general purpose techndl@gy)? Characteristics of a GPT are: (1) scope
for improvement, (2) a variety of applications thghout the economy and (3) complementarity with
existing or potential new technologies and (4) eféo investments are required to introduce the
GPT fruitfully in applicationg.

In our view, ICT meets all these requirementsalt blready undergone a significant evolution
and there are likely more opportunities. The vagradtapplications throughout the economy is
reflected in applications such as in travel agen@écraft navigation, medical equipment, just-in-
time inventory systems and many more. Also direfcthiconsumers numerous applications are
prevalent, think of mobile communication, Intersbbps etc. Complementary technological
innovations have occurred in the above-mentiongdicgiions. The effort required to introduce ICT
is easily seen when thinking about the introductibthe Internet. The Internet offers new means of
communication at a distance and for firms this iegpthat investments in organisational changes are
necessary because computers replace for examplskiled administrative tasks. The remaining
tasks become more service-oriented: advising cu&®on products which are becoming
increasingly complex and increasingly tailoredrtdividual preferences. This requires not only more

education and training but above all more skillsléaling with people and more autonomy for staff.

Can ICT have a permanent growth effect?

As ICT can be entitled as GPT, this raises the espien that productivity growth, at least, could
accelerate temporarily for some time. Comparisah Wistorical GPTs promises a lot (see box later
in the paper). In the early twentieth century eleity was the dominant GPT; further back in time
the steam engine played such a role: both innavatioat revolutionised the economy.

Even more interesting is the question whether 1&T iaduce sustainable economic growth. For
long, productivity gains of ICT appeared to haverbdisappointing. As Solow (1987) once wrote:
“we see the computer age everywhere except inrthatuptivity statistics”. This so-called Solow or
productivity paradox is more precisely formulatedahy is productivity growth disappointing
despite the ICT revolution?

If the historical analogy applies, and ICT evolatis now maturing, then does the economy
stand on the eve of a period of structurally highwgh? This is not self-evident, for two reasons.

First, the emergence of a GPT manifests itself &cnm productivity only very gradually and in a
complex way. Hence there may not necessarily hegpsacceleration of the growth rate at the
macro level. Second, over the long run a GPT seempeevent the levelling off of productivity
growth rather than actually increasing it. If noTGRmerge, technological developments eventually
(seem to) reach a saturation point and overallysthdty tends to slow dowhA GPT rejuvenates
the growth process in the economy by creating devhew range of opportunities for further

development. Thus the GPT takes the economy tgheHievel of income. It is possible, though,

2 Based on Bresnahan and Trajtenberg (1995) and Lipsey et al. (1998).

3 This would also explain the emergence of new GPTs over time.
6
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that productivitygrowth could come out higher over the long term if ICT mskhe innovation
process itself more productive (Romer, 1990). &t ttase, ICT would be different from previous
GPTs.

Looking at empirics to evaluate the impact of I@¥ focus should be on the development of
TFP growth. It is therefore not surprising that tbke of this channel in the rebound in US TFP
growth is fiercely debated among economists. Thesgwo main positions. Either this rebound is
primarily due to technological progress in the I@Dbducing sector or it is (also) caused by
efficiency gains or spillover effects in ICT-usiagctors. The proponents of the former position
emphasise that the ICT-revolution is a pure nes@akstory of the relative price decline of ICTdan
input substitution. More ICT-capital per worker anlses labour productivity in the ICT-using
industries but not their TFP growth. Due to dedreageturns, the effect of ICT will disappear ireth
long run.

Proponents of the other position assume that I@&@rdifrom other inputs because of network
externalities and spillovers. Network externali@esl ICT spillovers enhance the benefits of the
investor. Moreover, ICT can help to invent new prets and processes that induce higher
productivity.

Stiroh (2002) investigates whether there are IGllosers across US manufacturing industries at
the sectoral level. He finds little evidence th@T Icapital is associated with measured TFP growth.
So, he finds no compelling reason to drop the reesatal framework relying on input substitution.
Likewise, Van der Wiel (2001) does not find a sfgaint correlation between ICT capital and TFP
growth for the Netherlands at the sectoral levetdntrast, at a micro level, several researclieds f

evidence that contradicts with the neoclassicalragsion of no spillovers of ICT.

How does ICT affect productivity?

ICT can affect labour productivity growth throudtrée channels:

production of the (domestic) ICT-sector;

use of ICT as an input in the production process;

spill-over effects of ICT.

First, the domestic production of ICT can contrédirectly to overall Total Factor Productivity TFP
and labour productivity growth. Technological pregg in the production of ICT-products can

generate productivity growth in the ICT-sector lits€he contribution to the overall economy

depends on the size of the ICT production sectative to the economy.

4 See e.g. Brynjolfsson and Hitt (2000), Van der Wiel and Van Leeuwen (2003)
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Second, higher productivity in the ICT producingtse leads to lower prices of ICT
(investment-) goods, of course unless suppliergpcavent prices from lowering. In practice large
parts of the rents from productivity improvementsrae to users. Lower prices stimulate firms (and
consumers) to invest in ICT. Increased ICT appgliecain production means capital deepening and
hence higher productivity. Note, however, that thichanism does not require a domestic
ICT-sector, since ICT-products and investment gamtismostly be imported. In this view, ICT is
just one investment good among many others. Suramgrifirms substitute between inputs along a
given production function in response to relatinegchanges. More and better ICT per worker
contributes to higher productivity.

The third channel is that ICT also has the potétdigenerate TFP-growth due to externalities or
excess returns. This implies that the productiorcfion of ICT-using industries shifts outward. This
effect is controversial in the literature. Poteltieechanisms are the following: (1) ICT can induce
higher TFP-growth because savings in transportsaadch costs can be made at all points along the
production chain. For example, it can do so becafipesitive network effects among firms. An
investment in communication equipment such as ¢é+smey have a positive impact not only for the
investor but also for all the other users. Theswork externalities are larger as the level of
standardisation rises. On the other hand, becdusgloswitching costs, firms can get locked into
certain technologie5This can create negative effects. (2) ICT can ptsmote the creation of new
goods among both producers and customers. Mangt©@ds are supplied as an input to other
industries. These industries can benefit from thbalied knowledge in these goods. (3) Finally, in

combination with other changes in the organisatiGit,enhances a firm's efficiency.

ICT producing sector of Europe

Size and structure of Europe’s ICT producing sector
Around the world, the ICT-producing sector accodatsa small share of the economy. Its share in
GDP is no more than 10% in the main economic regibnthe US (and Finland), the ICT producing
sector makes up the most (see Table 2.1).

The ranking of ICT firms underlines this outcoméeTTop 50 of ICT firms in the world

includes many American firnfsAmerican firms like IBM and HP dominate the hardevenarket.

> High switching costs could reduce the aforementioned positive externalities. A user who switches to a
new technology incurs costs. Both network externalities and switching costs can lock users into a
particular product or technology and, therefore, affect (price) competition. This could induce negative
externalities. For instance, producers of ICT with large market shares might have greater market power
than is common in other industries.

é According to OECD, 2000, OECD information Technology outlook 2000; ICTs, e-commerce and the

Information economy (2000b), 36 of the largest IT-firms in 1998 were US based.
8
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Well-developed university research centres witlselties to business, defence, and the space
program helped the US take the lead in the compuetisemiconductor technologieadditionally,
Japan is also specialized in the production of sk&@fiegoods.

Compared to the US, Europe has a smaller ICT ptamumdustry. In Europe, like in the US,
the size of the ICT manufacturing is considerabiatier than that of the ICT services. However, the
size and structure of the ICT producing sectorediffstrongly across European countries. Except for
Finland and Ireland, most European countries hawed GDP shares in the ICT producing sector

than their US counterpart. Particularly, France lalg have rather small ICT producing industries.

Table 2.1 Size of the ICT producing sector, 2000

ICT producing ICT producing services ICT producing sector
manufacturing

% share in GDP

Austria 1.7 3 4.7
Denmark 1.1 3.6 4.7
Finland 5.6 4.5 10.1
France 1.3 4 5.3
Germany 1.5 3.9 5.4
Italy 1 3.5 4.5
Netherlands 1.3 5.1 6.3
Sweden 2.2 5 7.7
UK 1.8 5.2 7
EU 1.5 4.3 5.8
us 2.3 5.7 8

Source: Van Ark et al. (2002)

Observation: On average the EU has a smaller ICT producingsétan the US; however,

within the EU few countries have a larger or corapér sized ICT producing sector.

Effects of ICT production on European’s econo  mic performance

The pickup of labour productivity growth in the Wsthe second half of the 1990s has induced a
heated debate among economists to what exteristhige to ICT. At least, there is a consensus that
ICT producing manufacturing has contributed considly to the resurgence in productivity growth

during the course of the 1990s.

7 See Mc Guckin, R. H. and B. van Ark (2001).



Table 2.2

us
Canada
Japan
EU

Labour productivity performance ICT prod  ucing sector

ICT producing manufacturing

1991-1995

1996-2000

annual percentage changes

13%2
7%
10%
7%

Source: Van Ark et al. (2002)

20va
1%
23
14

ICT producing services

1991-1995  1996-2000
3% Y
1% 3
4
54 6

ICT producing sector

1991-1995 1996-2000
7 7

3% 5%

7% 13%

6 8%

US’s productivity performance in the ICT manufagigrwas spectacular in the 1990s, especially in

the latter part of that decade (see table 2.2xperienced much more rapid productivity growtmtha

its counterpart in Europe. But European ICT prodgenanufacturing accomplished rapid

improvements in productivity too. The debate is mguowards how much of the macro-economic

productivity acceleration was cycliéal

Contrary to conventional wisdom, growth rates & Huropean ICT producing sector as a whole

were faster than that of their US counterpart emgbcond half of the 1990s. In fact, Europe ougpace

the US due to disappointing productivity growtH@i services in the US. Particularly, the

productivity growth in US’ telecommunication indosts low in an international perspective.

Summarising this section:

Observation: The ICT producing sector consists of ICT serviaed ICT manufacturing where
the latter is somewhat larger in most countriemuh the US ICT manufacturing labour
productivity growth catches the eye, the growtle @ftthe European ICT producing sector as a

whole was faster than that of their US counterjpatiie second half of the 1990s.

» the US leads in ICT producing manufacturing (botkize and growth rate)
» the EU leads in ICT producing services (at leaseims of the growth rate)

& We return to this issue after discussing the ICT using industries

10
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Effect of using ICT in production process

Analytical framework

As discussed in Section 2, ICT affects economievgndhrough three channels. To assess these
three channels empirically, a standard growth attiog can be applied. The growth accounting
framework is based on the neoclassical model a@®¢1957). It decomposes labour productivity
growth into contributions of capital deepening dmdP-growth, either in the ICT-sector or in the
ICT-using industried. TFP-growth is a residual, and cannot be measuiredtly. It is a catch-all

term reflecting a bunch of developments like orgatibnal changes, scale effects, measurement
problems, the effect of new products etc. Henajriterpretation of the development in TFP is not
straightforward. Higher TFP-growth could be relatedCT, but it may also come from

developments in the economy that are independd@tTof

Productivity effects of ICT for Europe

At present, there are only a limited number of carafive international studies regarding the

international impact of ICT. Particularly, stud@s the effect of ICT in European countries are

scarce. Moreover, studies that go beyond the agtgdgvel are almost abséhfthe most important

problem is a lack of ICT-investment data at theaeevel.

Table 2.3 Contribution of ICT to output growth, 199  1-2000
o a
1991-1995 1996-2000 Acceleration
in %-points
United States
Oliner/Sichel 0.7 1.1 0.4
Jorgenson/Stiroh 0.4 0.8 0.4
Colecchia/Schreyer 0.5 0.9 0.4
Euro-area
Colecchia/Schreyer 0.3 0.4 0.1
Vijselaars/Albers 0.3 0.7 0.4

2 Period 1996/2000 versus period 1991-1995

Nonetheless, recently two studies (Collechia arde&er, 2001; Vijselaars and Albers, 2002) have

endeavoured to assess the contribution of ICT invests to output growth for a number of

European countrie$.In this regard, Table 2.3 summarises the maintesfiboth studies and

’ Appendix Il contains more details about this method.

1% One of the exceptions is a study by Van der Wiel (2001).

1" . . . . . . .
ICT investments include software, information and communication equipment.



compares them with akin studies for the US. Rentdykéhe absolute contribution of ICT growth to
output growth is not markedly different between Ewo-area and the US in the second half of the
1990s. Likewise, the acceleration in US output ghodue to ICT investments is not unique.
Vijselaars and Albers (2002) come up with comparabsults for their Euro-area definition. In the
second part of the 1990s, many European countriesied heavily in ICT, sometimes even more
than in the US. Hence, other factors must explagndifference between the productivity

performance of the US and Europe.

Table 2.4 Decomposition of labour productivity grow th, 1991-1999
Euro-area us
1991-1995  1996-1999 1991-1995  1996-1999
annual contribution in % points
Labour productivity growth 2.4 1.3 1.5 2.6
of which ICT capital 0.3 0.4 0.5 1
other capital 0.7 0.3 0.1 0.1
TFP 1.4 0.3 0.9 1.5

Source: Euro-area Aalbers and Vijselaar (2002), US: Oliner and Sichel (2001)

Table 2.4 presents the results of growth accourtingn aggregated level for both the Euro area and
the US. In Europe, labour productivity growth reneal on a track of slower growth rates. The
contribution of ICT capital slightly increased, tbentributions of TFP-growth and other capital
considerably decreased in the second part of tB@sl9he contribution of TFP growth and capital
are different from the outcomes for the US. Intf& productivity accelerated in second half of the

1990s due to stronger contribution of ICT capitad aFP growth as well.

Observation: US labour productivity growth was lower than thé'&€in early 1990s and higher
in the late 1990s. The US and European countreesxgeriencing positive growth effects of
investments in ICT. However, TFP-growth seems talieent in Europe in contrast to the US. In

Europe, TFP-growth has been shrinking rather thiawigg over time.

Intermezzo: Looking at longer time perspectives

As labour productivity growth tends to be pro-cgali this behaviour can hamper the comparison
between Europe and the US by looking at short-fegares. The cited papers compare productivity
developments in Europe and the US in the 1990sdauides the period into two parts: before and
after 1995. These time periods can be criticisegltdudifferences in the state of the business sycle
between both regions and its effect on productigitywth. Ideally, productivity growth should be
analysed with cyclical adjusted data. However, toigection is difficult to obtain, especially over

short time periods.

12



Vijselaars (2003) looks at a longer time perspecti¥e compares the Euro area and the US over

the period 1982-2001 and divides the period into ¢@mparable business cycles (see table 2.5).

Table 2.5 Decomposition of labour productivity grow th, 1982-2001
Euro-area us
1982-1993  1993-2001 1982-1991  1991-2001
annual contribution in % points
Labour productivity growth 2.6 1.9 1.3 1.7
of which ICT capital 0.3 0.4 0.5 0.6
other capital 0.4 0.3 -0.3 0
TFP 1.7 1.2 1.1 1.1

Source: Vijselaars (2003)

Taking this perspective, the increase of produgtigrowth in the US is less pronounced, as the
acceleration of the contribution of ICT capital dering is more modest. As a result, the difference
in the impact of ICT between both regions is liditApparently, the contribution of other capital to

productivity growth differs more widely in the 1990

An alternative indirect approach: the use of ICT in industries
At present, data availability does not allow arinational comparison of growth accounting at
lower levels of aggregation. To circumvent the latlkector data for the growth accounting method,
an alternative approach is to analyse the berddfiST from the production side. For instance,
McGuckin and Van Ark (2002) followed that approdohdividing industries into ICT-intensive
industries and non-ICT-intensive industries. Thipraach implicitly assumes that any (spillover)
effects from the use of ICT should pop up in thdustries that use ICT on a broad scale.

In an international context, no straightforwardinidon of which industries should be classified
as an ICT-intensive industry is availabldJsing US and Dutch data McGuckin and Van Ark (2002
classified industries outside the ICT-producingusities into ICT-using industries and non-ICT-
using industried} The shares of ICT using-industries in GDP is satially lower in Europe than in
the US (see table 3.6). This result is due to thkdr shares of ICT-using services in the US. In

contrast, ICT-using manufacturing is relatively #ievan the US than in Europe.

12 It, therefore, goes without saying that any classification scheme is to some extent arbitrary.
3 see appendix | for a detailed overview of this classification scheme.



Table 2.6 GDP shares of the ICT using and non ICT i  ndustries, 2000 (current prices)

ICT using industries Non-ICT industries

% share in GDP

Austria 27.9 67.5
Denmark 26.5 68.8
Finland 241 65.8
France 28.1 66.5
Germany 29.2 65.4
Italy 33 62.5
Netherlands 30.8 62.8
Sweden 24.4 68.4
UK 30.6 62.4
EU 29.9 64.3
us 34.3 57.7

Source: Van Ark et al. (2002)

Using the grouping of ICT industries, table 2.7whdhe sectoral labour productivity performance
in the EU and the US in the last decade of tHe@Mtury. The strong growth rebound in US is
partly explained by fast productivity growth in 1@ftensive industries, especially in services
industries like wholesale and retail trade and sges. In contrast, the productivity performande o

the ICT-intensive industries deteriorated in theosel half of the 1990s in Europe.

Table 2.7 Labour productivity growth in ICT usinga  nd non ICT using industries, 1991-2000
EU us
1991-1995 1996-2000 1991-1995 1996-2000

annual percentage changes

ICT using industries 1.9 1.3 1.3
0.w. manufacturing 3.3 2 0.5
services 1.7 1.1 1.6
Non ICT industries 2.4 1 0.4
0.w. manufacturing 3.7 1.2 3
services 1.6 0.7 -0.2
others 3.6 1.6 0.1

Source: Van Ark et al. (2002)

4.2
2.1
4.6

0.4
1.3
0.3
0.4

The contribution of the industry groups to ovelaliour productivity growth can be quantified using

a shift-share analysis.

14
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EU 91/95 96/00 Us 91/95 96/00

D ICT-sector . Non-ICT . ICT-using
Contribution of industry groups to labou r productivity growth, 1991-2000

Figure 2.1 reports the results of this exercisealt be seen that the contribution of the ICT-using
industries makes the difference in productivitywgiio between the US and Europe. The results
suggest that the US’ economy reaped more benéfi&Tothan Europe did. But why? Based on
detailed country econometric analysis, McGuckin "ad Ark (2002) suggest that the diffusion of
ICT in Europe is proceeding at a somewhat slowee plaan in the US. A sizeable number of
European countries show significantly faster grointkCT using services compared to non-ICT
services since 1995. Is it, therefore, justifie¢daclude that it is only matter of time for Eurdpe

fully reap the ICT potential?

Observation: Productivity growth differentials between the &isd the EU are largely due to

lower growth in the ICT using industries, notaldByTl using services.

Some qualifications to this observation are in pld€rst, note that the observation only holdster
second half of the 1990s; not for the first hdlfstsuggests again that cyclical phenomena play a
role. Second, though the lag in European produgtgriowth in ICT using industries is suggestive,
we do not have direct evidence that it is the d4€D that causes low productivity growth (thatas,

third factor might play a role).

Evaluation of Europe’s position on ICT-use
We considered the following aspects. The size andyztivity growth of the producers of ICT: ICT

manufacturing and ICT service. The (sources ofywtindn ICT using services and ICT using
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manufacturing. Doing wrong to all the details abiimie variation and cross-European differences

we can summarise our findings as:

the US leads in ICT-using services
the difference in ICT-using manufacturing is lelsac (though Europe had highest average
growth rate in the 1990)

the differences in non-ICT-using manufacturing &4l &s services are not outspoken.

What can Europe still expect from ICT?

There are two ways to look at the question poseldriitle; together they provide an answer. The
first way is: what can the technological leadeg, tIS, still expect from ICT innovation? And

second, how will the adoption of ICT in the EU wanlt in the future?

The future of the US productivity development
One observation about US growth is that it is waijiko maintain at the 1995-2000 level simply
because of the cyclical nature of growth. One neaglay labour productivity will not rise so quickly
is that the hours worked cannot increase unbouritedh 1995-2000 the hours worked in the US
increased at an unsustainable rate of 2% anndalyaf elaboration see de Groot, Nahuis Tang,
2003).

Will the real ICT contribution to growth keep ufsiturrent pace? The answer is yes. The

following logic illustrates this. An equation explang productivity growth is helpful:

=[St 70) e AT+ (1-8[CT, 20))s 79

This equation says that the change productivity {s determined by the share of the ICT producing
sector in demand, times the productivity growth of the ICT prodogisector plus the demand
share of the other sectors $Ltimes the growth in the other sectors. Two qoestiought to be
answered. First, will productivity in ICT keep dsing and induce falling prices? Based on the
opinion of analysts, it is expected that new ideafiware and other related ICT products will keep
coming at a rapid rate. This raises productivitgvgh. The second question is, will the share of ICT
in demand rise? This is determined by the relgiiee of ICT to other goods and the demand
elasticity!* So far the relative price fall of ICT is met bydar spending shares, implying an
elasticity larger than one. There is no reasoretietbe this will change in the near future as new

applications of ICT keep on arriving (this is aladine with what one can expect from the general

" The income elasticity also plays a role; for now it seems that more income is associated with more ICT
spending as ICT is a luxury (this is hard to establish empirically given the enormous relative price drop of
ICT and the uncertainty about the elasticity). It is difficult to say something sensible about the income

elasticity of ICT spending in the future.
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nature of the general purpose technoldgyihis is not the case for all types of technologiake for
example the technology for heating houses thateddlrom collecting wood in the forest to today’'s
central heaters (this amounts to an enormousfa#ial prices). Spending shares on heating have
obviously fallen, from a half days work in the pasa minor fraction of a working person’s income
today. The reason that the spending share faksmiply because heating has limited additional
application possibilities. The logic above explatimat the real ICT contribution to growth indeed is
likely to keep up its current pace.

Two qualifications to the above analysis can beenade valid, one not. The valid one is that
our expectations about ICT are high if we compheart with past general purpose technologies (see
box). The invalid qualification is that the Nasdagsh illustrates that ICT as such is a bubble. The
crash did not illustrate that the growth pace debd by the ‘new economy’ was overestimated or
that it will be much lower in the future. What hamed was that the insight crept up that ICT isanot
winner take all paradigm in most application buatttfCT generates highly competitive markets.
Hence, it is much harder to create entry barrtea generate a large lasting profit flow than was
imagined in the early days of the stock-market boom

It is not the case that (natural) monopolies daunge, on the contrary, the high-fixed cost low-
marginal cost production technology does tend teegae monopolies. However, in many markets
competitors do seem to do well or are at least @bigznerate a competitive fringe (markets tend to
become contestable). Even the most famous monoofiightly held back by competitors: think
Linux ‘threatening’ Microsoft. Moreover, Microsoducceeds more often than not to convince anti-
thrust authorities that it faces indeed substa(piaiential) competitors. The Amazon book store and
the E-bay internet market face -- despite the-fitetzer advantages -- serious competition (at least
outside the US. Only recently Amazon did make diprbhe factor that holds back the, would be,
ICT monopolist is ‘paradoxically’ the ICT technoldself. The ICT technology makes it possible
to reach a world of customers without the enormamss of rolling out a network of local suppliers.

The technology also makes the spread of informatmoheap that competition is enhanced.

'> Ohliner and Sichel (1994) used the exact analogous logic to explain the low contribution of ICT in the
late 1980s early 1990s: the share of ICT goods was still low, so obviously the contribution to growth was
moderate.



How does ICT compare to historical GPTs?

A different way of looking into the future is comparing the recent past with history of major technological breakthroughs,
this is exactly what Crafts (2002) does. Comparing the GPT of these days -- ICT -- with those in the past is revealing.
Comparing the contribution of ICT with the 18th century invention of the Steam engine learns that it took some 70 years
before the substantial gains in productivity appear. It took long before one of the most effective applications of the steam
engine was implemented: the Railway system. The contribution of this GPT to per capita growth culminated to roughly
24%. For ICT in the 1990s the comparable number is around 55%. For Electricity, the contribution to growth peaked
below 50%. These numbers suggest that there is no productivity paradox (see however our earlier discussion where we
argue that the main puzzle is low growth in ICT using industries). More important, the numbers suggest that ICT has
paid already off at a rate that is unprecedented in history. Therefore, the expectations for even further contributions of
ICT to growth imply that ICT is proving more valuable than the previous GPTs.

GPT Contribution to growth, 1760-2000 (percentage p  oints per year) °

GPT UK us us

Country Steam (and Railways) Electricity ICT

1760- 1800- 1830- 1899- 1919- 1974-  1991-  1996-

1800 1830 1860° 1929 1929 1990 1995 2000

GPT Capital Contribution 0.005 0.012 0.04+ 0.5 0.93 0.52 0.57 1.36
0.16

GPT TFP Contribution 0.003 0 0.01+ 0.06 0.05 0.17 0.24 0.50
0.05

Total GPT Contribution 0.008 0.012 0.26 0.56 0.98 0.69 0.79 1.86

(as % GDP/Capita Growth) (3.8) (2.4) (23.6) (28.2) (47.0) (30.4) (54.6) (56.3)

& The second number in the column is the contribution of the Railway system
b Source: Crafts (2002).

This table raises some second thoughts, however. A common sense historical view very much suggests that people’s
lives changed less the last 40 years than the 40 years before that period (Krugman makes this point convincingly). The
example Krugman uses is the fridge: the last 40 years the fridge became somewhat more efficient and got a digital
display etc. However, going back another 40 years; a horse cart brought ice blocks around in order to cool. Noticing

these second thoughts is however far more easy than explaining them.

On a more theoretical level one can argue thati$GiIgeneral purpose technology with a very
specific characteristic, different from past GPIGT is not only enhancing the productivity of
existing production processes but also the innomgtrocess. Research is ICT intensive: it depends
on high-tech computer application; it depends ®ye&ammunication processes etc. Speculatively,
this implies that ICT will enhance economic grovidh a long period. Not all GPTs have this
characteristic, think for example of the chemiagad @lastic revolution after world war Il, such a
technology creates huge benefits for producerscandumers but does not directly impact research

productivity.'®

'® For an elaboration, see Nahuis (1998).
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3.1

Observation Theoretical and empirical arguments suggest teathtS growth will remain high.
On a macro level the potential for further increaisehours worked is exhausted, this however is
likely compensated by a more important contributdthe ICT producing sector as a whole.

There is no evidence that growth in the ICT induigrgoing to drop drastically.

Why worry about ICT?
Do we need European ICT-producing industries?

The question is, does it matter if the EU is lgmscgalised in producing ICT? A priori there is no
reason why producing eatable chips is worse fofamelthan producing computer chips. Economic
logic rules out that everybody is specialised ioducing ICT. The following qualifications should,
however, be noted.

First, it is important to specialise in goods thaiduce now and in the future high value added.
The US appears to be more specialised in ICT matwiag than in ICT services compared to
Europe. A common belief is thetpast growth rates of productivity in ICT manufaatg are a good
prediction for the future, the US allocation is bfcial. This is, however, not sound economic
reasoning. It is about value added, not produgtititat one should worry. If fierce competition
takes care of shifting the benefits of higher pility to the users, having a sector with high
productivity growth is not especially helpful. Smly in case the ICT production is able to generate
high-value added growth in the future it is esplécisorth having a large sector.

Bayoumi and Haacker (2002) provide a detailed aeslyf the overall welfare effect of the ICT
revolution. They underline the analysis providedwa) as they argue: “ The social saving benefits
are not closely connected to the size of IT pradadn a country. Some of the major beneficiaries
have small domestic IT sectors (such as AustraliafNew Zealand), while other countries which are
major producers of IT equipment are not experigpaimajor social saving gains (such as Malaysia,
Thailand, and the Philippines).” To understand, thisight be useful to think about the following
somewhat far-fetched example. Suppose France aaid Bpth produce only good: red wine. Then
by some new technology productivity is doubled.yheed to export most of the additional
production, as to benefit from the technologicalgress they want to import more goods. Then
France and Spain compete on the world market tohst red wine. Depending on the toughness of
competition and the world demand elasticity for eyia drop in prices will result. This means thét, o
the doubling of productivity, a part is passed @other countries by a changed terms of trade.

Acemoglu and Ventura (2001), find that a 1%-poagtér growth (over the whole range of



4.1

production) is associated with a 0.6 %-point detation in the terms of trade. It could be thas thi
number would be higher in case one would focus@hdnly.”’

Second, it could be so that producing computersisipreferable above producing eatable chips due
to local knowledge externalities. We have no evigetinat ICT production is generating these
effects at an aggregated level, however, at a disggted level these are found (van Leeuwen and
van de Wiel, 2003). This inconsistency is yet tsblved'® One hint that the externalities related to
ICT manufacturing need indeed not produce impottaniviedge spillovers is that the R&D
intensity of ICT services and software is highenrthhat of equipment (read: ICT producing
manufacturing). Hence, given the low R&D intengifyequipment it is likely that R&D spillovers

are small too.

Observation: The relative small size of Europe’s ICT manufaiciy sector is not an important

disadvantage.

To explain the relatively small size of European ICT manuiféog is a different matter where we
only touch upon, as a full exploration is beyone sicope of this paper. One explanation -- is ityea
an explanation? -- is simply luck. Somehow the U ¥irst in producing ICT and ICT is
characterised by a first-mover advantage. Sectied)8 has a comparative advantage in ICT
production: they have ICT knowledge centres whidbvile fertile soil for ICT production, think of
the research cluster at Stanford and MIT. The I&karch was also strongly influenced by the
massive military expenditures associated with tiid war and the space progrdhMore general,
the European labour market is more regulated thainin the US. Regulation leads to distorted
allocation and thus might cause Europe to speeialisectors where it has a comparative
disadvantage. In the long run, Europe could enditipan economic structure baised toward lower

productivity and lower welfare. For this we haveaumpelling evidence however.

Explaining differences between the US and Europe
Introduction

In the remainder of the paper we step aside ofl#tailed discussion of the differences between the

EU and the US. Section 3 argued that the productid@T is not a major item for policy to worry

" See Nahuis and Geurts (2004) for an elaboration.
18 . i
See e.g. Stiroh (2002) and Van der Wiel (2001).

"9 See McGuckin et al. (2001).
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about as long as ICT spillovers can be ignoredrafbee, we centre our discussion around the

following question:

Why is the EU’s ICT diffusion relatively slow?
At the moment, literature explaining the slow dfifon is scarce. We pursue the following steps in

answering three questions raised above:

* What are the different approaches to explain diffiees in ICT use?
*  What market failures occur in the use of ICT?
* Isthere an empirical link between regulation a@d Lse?

4.2 An overview of potential explanations

421 Different fundamentals
The lag in ICT use in the EU compared to the UShinggmply be an optimal but different
technology choice due to different pri¢dghe EU is more capital abundant and thereforeywes!
more capital intensive. This can be read also edyming more ‘old technology’ goods. An
alternative different fundamental could be thatltt®has a higher supply of skilled labour that is
required for the implementation of ‘new’ technolegji This is indeed a possibility, Europe’s skill

supply level is very heterogeneous and on averafgaMthe US (see Nahuis and de Groot, 2003).

4.2.2 Different investment incentives
The literature has come up with several explanatfondifferences in the extent of dissemination of
new technologies like ICT (see e.g. Thritle e{&287)). The main notion is that firms are
confronted with differences in at least one of¢hecial components of the investment decision:
(expected) costs, (expected) benefits and discaiet
Though the costs of the direct ICT investment gaar@snot likely to be higher in Europe than in
the US, as these goods are worldwide tradeablethiee costs components, benefits and discount

rate might differ. Hereafter, we focus on somehefse investment components in more detail.

ICT investments: lower returns due to a labour mark et imperfections?
Regulated labour markets with for example higmércosts might force EU firms to be more
reluctant in experimenting with new technologiesi(®&Paul, 2001). Also, the more compressed

wage structure in EU induces firms to choose féietént technologies. Acemoglu (1999) argues

20 At least this is in a static sense optimal.



that a less skill-biased (read: ICT) technologyicddollows from binding minimum wages in

Europe and he shows that the resulting skill premdund unemployment pattern fits the facts.
According to Feldstein, Europe has failed to slmtbe productivity gain because its

employment practices limit companies’ ability ted€T. Moreover, dismissal of redundant workers

due to productivity gains is far more easier inlti&than in Europe.

ICT investments: lower returns due to capital marke  timperfections?

The GPT nature of ICT makes it necessary to chémgeroduction processes, marketing, financing
and organisation of businesses. Usually severaldiecelapse between the invention of the
technology and its large-scale application. Thagiple of steam power, for instance, had been
known for seven decades before steam power starteglace water power.

These delays occur for a number of reasons. Congpltary innovations and structural changes
in many areas take time. Uncertainties and sunits @e another potential reason for delay. The
introduction ICT involves substantial outlays, whizannot be easily reversed. Investments in new
equipment or retraining staff spring to mind h&ecause of the uncertainty attached to
technological changes, a firm runs the risk of stirgy too early in the wrong technologies. The
higher risk premium, related to the lower availdépibf venture capital in Europe, can explain

waiting behaviour.

ICT investments: lower returns due to final-output- market imperfections?

Differences in functioning of markets, is an argataften heard to explain the weak European
technology position. The diffusion of technologioalportunities from the ICT producing sector
throughout the economy depends on the way in wimiatkets operate. In this regard, Europe is
often characterized as less flexible in productkei@rdue to more regulations and structural
impedimentg! The failures to adopt best-practice technologeévds from regulations and laws
that formally prevent technological improvements.

Baily (1993) studies productivity differences imgee industries in Europe, the United States
and Japaff He evaluates the role of certain types of reguitegind the intensity of competition as
an explanation for productivity differences. Theeggl lesson to be drawn is that productivity
differences in service industry’s productivity isedto regulatory barriers and lack of competition.
These cause slack and inhibit productivity growitltase-study of banking stresses that innovations
are not adopted without the threat of competit®armany’s overall productivity level in banking is
about 68% of that in the United States. This prdiglitg gap is due to the failure to exploit
economies of scale and scope in German banks kdthrhany small branches, and their less

effective use of information technology; far fewsemsactions per person pass through ATMs in

2! See for example Alesina et al. (2003).
z Four major industries are examined: airlines, retail banking, telecommunications, and general

merchandise retailing.
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4.3

Germany than in the United States. Competitiotnékanking industry is limited by the regulated
structure in Europe due to the consideration tinantial stability is more important than efficignc
In the United States, however, the regulatory emrvitent encourages competition.

Inefficient standardisation policy is an importgndduct-market explanation for differences in
technology diffusion. The US lags in the mobile¢em market due to a lack of standardisation in
the mobile infrastructure. This forces producerméfficiently low investment as small market sizes
impede them to benefit from scale effects. Morepuacertainty about standards makes consumers

hesitant to switch to the new technology.

On the advantage of backwardness?
The concept of the advantage of backwardness iidaimn the economics of technological change
(see for example Brezis, Krugman and Tsiddon, 18@d)potentially helpful in understanding late
adoption. Some examples: First, France is relatileal in ICT rankings -- easily attributed to
inflexible markets -- but was actually a pioneeeinommerce and e-communication: Minitel was a
text-only Internet predecessor introduced succtgsfuthe late 1970s. The success as a forerunner
is the explanation for France’s late adoption of.IObviously not the factor and product market
regulations are to blame, as the introduction afitdl was very successful. Second, the relative
penetration grade of mobile phones is much higheountries that never got very far with rolling
out a non-mobile network.

As a corollary; the US might have had an advantddmckwardness relative to the forerunner
France but might France now be again in the adgantss position to be backward? This in not
inconceivable as there is some evidence that W&faver invested in ICT as they overestimated the

market potential.

Observation Product market regulation to boost ICT has twoetigion. First, markets ought to
be competitive (possibly to a limited extent; waura to this issue in the next section). Second,
deregulation of product market is not the sameoaggulation; standardisation can be crucial for

ICT type of technology.

This observation leads us to the question whettesetare more types of regulation that are

important for the well-functioning of an ICT markdis is the topic of the next section.

Market failures in use of ICT: the economics of information and potential
market failures

This section provides a general discussion of titergial market failures related to trade and

production of information.



The economics of information is summarised in aesystic way in Table 4.F.The text from
here to the table explains the table. Those readinsested in market failures and possible
instruments to deal with the failures are advisepitnp to Failure 1 immediately.

The first column describes the characteristic &rimation that possibly leads to a market
failure, the next column provides an example ferdemand and for the supply side of the market.

The first characteristic is increasing returns.tlibathe production process is characterised by
falling average costs. Much information is costlydevelop but cheap to reproduce. Such a cost
structure leads to monopolistic market structufésnk for example of the Microsoft operating
system. This might lead to monopoly pricing. Selverarket forces mitigate this problem. For the
operating system example, Microsoft competes wlfleroversions of its own operating system.

Increasing returns on the demand side work similae utility of using an information good, can
increase with the number of users, something olsiyaelevant for communication products like
fax, telephone and the like. The interdependentedan users can cause a lock-in into inefficient
technology. Rapid technological change or cooriinatby firms or the government) might
overcome the problem.

Perfect information on the supply side might leagfiice discrimination. This is not a market
failure, but a distributional issue. Perfect imf@tion the demand side might cause some goods to be
under supplied. Consider the following made up edarrOne can think of background tourist or
health information on travel-agent’s internet sitds comparing prices between the different agents
is so simple, no firm can capture sufficient adutitil revenue to make up for the cost of providing
such information, despite the fact it would be wedfimproving to supply the information (see
Motta, 2004, Chapter 6 for an elaboration).

Complementarities between different informationabds might lead to under supply of goods as
the different producers of, for example, hardware eontent both might wait for a sufficient market
size. The discussion for the demand side is anabgoincreasing returns on the demand side.

Finally, non-excludability might lead to sub optitlgdow supply, quality or innovation. On the
demand side: it is very difficult (read: costly)ftod information sides free of ads. It can alsaloe
case there would be a market for ads-free infoonatiut that this has a public goods character (it

would be good if it existed but nobody is willing pay).

2 This section draws upon Shapiro and Varian (1998) and Varian (2001).
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Table 4.1

Characteristic supply/de
mand
(example)

U] (m

Increasing returns supply
(0S

software)

demand
(e-mail,
fax)

Perfect supply

information (amazon,

easyjet)

demand

Complementaritie supply
s (DVD and
(between  content)

products)?

demand
(software
and user-
skills)

Non-excludability supply
(music or

software)

demand
(porn
pop-ups)

Popular name

‘direct network

‘customisation’

The economics of information: an overview

Potential (market)
failure

(1 (V)
‘natural monopoly pricing
monopoly’

lock-in inefficient

effects’ technology

monopoly pricing

‘personalisatio price discrimination

n’ or
bundling

‘free riding’” no commitment to
pay for quality

coordination failure

‘switching-  lock-in inefficient
costs’ technology
monopoly pricing

‘copying’  too low innovation

or quality

‘free riding’” no commitment to

pay for quality

Market forces mitigating the
failure(s) or welfare-loss

V)

(i) competition to obtain
monopoly

(ii) competition with own
products

(iii) rapid technological
change

rapid technological change

competition to appropriate
the locked in technology

contesting the separate
markets (compete against
yourselves)

mergers and integration

lead time

appropriation of information

Possible policy
instruments

(V1)
tender/auction
firm break up
price-regulation

standard-
coordination

open standards

regulation

standard setting

regulation

patents and
copyright

copyright

2 Increasing returns is a symmetric case of complementarities.

All of the following is to be read with the notiagm mind that governments might fail too and that th

market might provide solutions that are preferaer imperfect government regulation.

Government s might fail for specific reasons in && industry. The market is very dynamic and
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policy making is a relatively slow process. The l@dustry is a global industry, so the hands of
governments might not reach far enough. The rapigtidpments in the industry might worsen the

information problem that governments encounterenegal.

Having said this, we address the market failuras ¢hn occur in the information economy (see
column IV on market failures in Table 4.1). We diss the separate failures, sketch the trade-offs

and relevant considerations and suggest possilitypoeasure$’

Failure 1: Monopoly pricing

Monopolies tend to be formed by high fixed costd Ew marginal costs. This gives rise to the
following trade-off.

Trade off: A large market size for a firm leads to lower sdsfit a pure monopoly can lead to

inefficiencies.

It is important to note that a relatively efficiemitcome is characterised by high concentration and
prices above marginal costs. High concentratioesaw fixed costs and prices should equal average
costs in order to recoup the fixed cost. For ftficeency marginal prices should equal marginal
costs. This implies that either price discriminatghould be possible of firms should be subsidised.
It is thus apparent that price discrimination caralvirtue.

Potential instruments: Unless the market is characterised as a pureatahanopoly, the distortion
due to above marginal cost price need not be higénghat competition might still be intense. A
natural monopoly may have important implicationsdompetition policy.

The major challenge for policy is a distributiooale. Policy 'needs' to prevent ‘too’ large prodfitsl

to prevent incumbent from retarding innovationll 8tis important to stress that competition to
become the natural monopolised can alleviate thilolitional problem by shifting a share of the
rents to the consumers. Designing legal structamelsmonitoring agencies that do not frustrate
market dynamics but that do meet the challengesiséd is not easy. The positive effect of a large
market size indicates that openness of economas é&ven greater virtue than before as it creates

larger markets and, possibly, more competition.

Failure 2: Lock-in

Many information technologies are characterisedwigching costs and network externalities (they
also lead to failure 1, so the remarks made thepéydnere too).

Trade off: Solve the coordination problem to benefit frora tretwork externalities and to avoid

lock-in into an inferior technology.

2 We discuss the potential market failures separately though in some cases they are amplifying each

other, think of scale effect in both demand and supply.
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To solve the coordination problem standardisatsoan appropriate tool. The lock-in into inferior
technologies does not seem to have prevailed oftpractise especially as the ICT market is
developing very rapidly still.

Potential policy instruments: Standard setting is a potential instrument. Wieth not policy to

solve the coordination problem is needed depende@market’s ability provide standards.

Failure 3: Non-excludability
Trade-off: Avoid serving a too small market (that reducesstoner surplus) and avoid at the same

time the negative consequences of non-excludakwiity respect to supply and innovation.

There are two dimensions to this trade-off. Fimsi-excludability makes it impossible for
consumers to commit to pay for qualityHowever, non-excludability combined with non-rivess
(very low marginal costs) might make it welfare anbing not to introduce excludability, as that
would prevent serving consumers with a low williega to pay. Second, innovation involves laying
out a fixed, or actually a sunk cost. This cogbibe recouped somehow, which means that for some
time the price of the produced good should be allowenarginal cost. This requires some degree of
excludability (patents and copyrights are the thitggthink of). However, information revelation is
necessary to allow other ‘stand on the shouldeggasits’ and innovate further.

Potential policy instruments: The first problem can be minimised by having contjoet between a
limited number of firms whom is given an exclusiight. Competition policy should take care of a
sufficient number of firms in the market. Also flitaiting or allowing for price discrimination in
combination with creating excludability can patiiavercome the undersupply of quafifyThe
second, innovation related, problem can be solyguhlbents (or copyrights). They can take care of
the intellectual property rights and give rise tmanopoly for the duration of the patent. For the

designer of patent rules the question is how lordyfeow broad the patent should be; a difficult

2 A holder of the dominant technology still might have an incentive to introduce a shared standard, as
this might raise the total market size so substantial that it is still more profitable although it has to be
shared by more standards.

2% DelLong and Froomkin (2000) discuss the example of broadcasting. In the initial days of television, with
only three channels and no property rights (in the US anyone with an antenna got the products for free; in
The Netherlands the government intervened by charging a price for having a receiver) producers
introduced advertising to recoup their costs and lowered quality to a sub-optimal level (according to
DelLong and Froomkin). The intuition for the low quality is that if only few people have a high willingness
to pay for quality, but cannot commit to pay, and a lot of people watch anything that is broadcasted, the
goal of selling advertisements gives a low equilibrium quality.

%7 price discrimination runs into the problem that firms compete with themselves, such that an optimal
outcome is not guaranteed. An example: think of books. Often a hard-cover and a soft-cover are
produced. If firms consider producing a hard-cover they need to take into account that they can only limit
price to the soft cover (price-quality ratio). It is not trivial that the high-quality good is able to survive on

the market (without lowering the quality of the soft-cover for example)
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issue®® Without pretending to be exhaustive, we pointat tlisadvantages of the patenting
technology. First, the patent prevents others fcopying the product but also prevents others from
freely standing on the shoulders of the innovatousing the ideas embedded in the good. Second,
the patent design is unlikely to be optimal inulihg the use of the good (the famous example here
is that of anti-HIV medicines for less-developedinties)®® An additional argument against patents
is that most time seems to be spent on nuisaneatga, in order to be able to exchange patents
with other firms doing the same, or to collect fising fees, instead of actually protecting property
(Cohen, Nelson and Walsh, 2000). This is not lilefficient, as firms and patent offices spend

resources for redistributing rents.

Failure 4: Price discrimination®

ICT allows for marketing strategies that were umitable in the past. The internet in principle akow
for personalised offers and prices (which is closte theoretical benchmark of first-degree price-
discrimination).

Trade-off: Serving a larger part of the consumers and angitie monopolist to capture all rents.

Note, first of all that first degree price discrimation is efficient (under some mild conditionsThe
whole potential surplus under the demand curveatised. However, all rents accrue to the
producers, so there might be a distributional 'flwh This problem is severe once there is a
(natural) monopoly. If you add competition (whighlikely relevant in the ICT market) the
distributional problem is mitigated substantially.

Potential policy instruments: In general policymakers judge price discriminatasa sign of abuse
of market power. In the ICT context, however, fadgment might be too harsh as there are market
forces that limit the abuse of the power and tlaeeewelfare gains due to serving a larger parhef t

consumers. Price regulation is a possible instramen

28 For an extensive discussion on patents, see Cornet (2002).

2% Boldrin and Levine (2002) show that having no intellectual property rights is superior to property rights
(patents). The intuition is that innovators can recoup some of the sunk costs simply by selling the first
goods for a high price to those who highly value the good’s use or those who want to copy the good to sell
it etc. Without dwelling on this, a rational innovator foresees this and only undertakes potentially
profitable innovation ideas. This gives a positive excess-profit to the innovator without creating a long
term monopoly. Somewhat paradoxically maybe, a better copying technology raises the return for the
initial innovator.

30 Bundling is a special form of price discrimination where more than one good is concerned, see Varian
(2001) for an exposition.

3! We think of a (natural) monopolist facing a demand curve that consists of different consumers

demanding a single good that they value differently.
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Having said that regulation is possibly hampertmgadoption of ICT and at the same time
appropriate regulation might be necessary for éledCT market, the question is what the

empirics have to say about regulation and proditgtiv
4.4 Evaluating the role of regulation in productivi ty growth

441 What does the empirical literature tell?
Two recent studies attempt to address the questigoirically why Europe is lagging behind the US
in ICT usage (see Bartelsman and Hinloopen, 2002Bamtelsman et al., 2003). Both studies
emphasise that the lack of competitive pressuremroduct markets and restrictive employment
protection on the labour market are important caéiseretarding incentives to invest in ICT by
firms in the EU. In order to weed out inefficientumbents and attract new innovative firms, the
selection process among firms must not be hampgsréolo many product market regulations.
Additionally, hiring and firing costs diminish thtéstribution of output growth rates of firms. The
results suggest that certain institutional and laguy procedures reduce the amount of market
experimentation by firms. In this respect, althotiggre is a similar degree of firm turnover in
Europe as in the US, the number of exits and ttoagér post-entry growth of entrants in the US
indicate a different degree of market experimeatatThis could lead to a faster process of the

adoption of ICT.
5 Conclusion: designing institutions for the ‘new e conomy’

Before discussing the institutional design, we haveut weight on the adoption and use of ICT
versus the invention and production of ICT. As d&s®ed in section 2, ICT can basically have impact
on the economy in three ways. The production of iiS&lf can be a valuable activity, the use of the
improved input (ICT) can bring gains though loweces and ICT can have spillover effects and
(network) externalities. The importance of thedatffect is still highly uncertain. It is however
related to ICT use. So we can distinguish use aodygtion. Empirical assessment suggest that the
welfare effects are for a large part related to IG€ (Bayoumi and Haacker, 2002). Their work can
be summarised as follows: “Social saving gains amyneuro-area members are currently relatively
small. The social saving benefits are only aboup&@ent of the United States value, in terms of
GDP, for Germany, Austria, and France, and abadhird for Italy and Greece, compared with 70
percent or more for other Europeans countries ascBweden, Denmark, the Netherlands, Ireland,
Finland, and the United Kingdom” (Bayoumi and HaaglR002, p. 25-26). Thus, some countries
with a small ICT-producing sector -- the Netherlgirehd Denmark’s GDP share is close to 1% only
-- benefited very much from the revolution. Hendthaut making ‘it’, just exploiting the

possibilities to use ‘it’ gives good prospectsya@lfare! In the remainder we discuss what this

implies for policy.
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Suppose Europe decides to aim at creating an 18dugtion cluster despite the fact that
attracting ICT producers is probably not the mesisible strategy (see Section 3.1). Are
Europe’s institutions designed such that they eraatompetitive and welfare-enhancing
market for ICT producers? The economics of inforaratvere summarised in a systematic way
in the previous section. The right institutiongl&mal with this complex set of issues is not very
clear but a laissez-faire setting is not alwaysnogit However, governments might fail too and
that the market might provide solutions that aefgnable over imperfect government
regulation. Governments might fail for specificsenas in the ICT industry. The market is very
dynamic and policy making is a relatively slow pges. The ICT industry is a global industry,
so the hands of governments might not reach fangimor he rapid developments in the
industry might worsen the information problem thavernments encounter in general.

Thus we argue that a more sensible strategy snomve obstacles for ICT adoption. For
Europe technology adoption is important. First,caese European adoption still seems to lag
that of the US in important areas and second, théslhe most important shifter of the
technology frontier. The EU can adopt the technplogprinciple as long as one has worldwide
access to these products. First, for technologptiaio open international markets are
important. Access is probably enhanced, for exanipldiberalising services trade. Second, the
incentive to adopt best practise technology shbeltealthy. If the goods are tradable
European countries/companies will adopt these eehnblogies unless the incentives to do so
are lacking. Regulatory and structural impedimentgroduct, labour and capital markets
could indeed be an obstacle. So organising congeaind flexibility on these markets is an
important precondition. Though this is a “catcl-pblicy advice it is important (with “catch-
all” we mean that you would get the same advig®if asked for lower unemployment, higher
growth etc). Another important factor for technolagoption is the availability of sufficient
skill (see Benhabib and Spiegel, 1994, for evidgnce
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Appendix |  Classification of industries

Definition of the ICT producing sector

In the traditional statistics, the ICT producingtee was not defined as a separate industry.
Therefore, OECD decided to provide a set of stesistrawn from official sources that measure the
output of the ICT producing sector in a consistaahner and that sticks to a common international
definition? The agreed definition of the ICT producing seetas based on the following

principles:

* ICT producing manufacturing industries must be intended to fulfil the function of
information processing and communication transmissind display. Or, it must use electronic
processing to detect, measure and/or record phydiemomena or to control a physical
process.

» ICT producing services industries must be intended to enable the function of infdroma

processing and communication by electronic means

The table presents the industries that the OECS&sifiad as ICT producing industries based on the

industrial classes of the International Standadiistrial Classification (ISIC).

OECD definition of the ICT producing sector

Industry ISIC Description

Manufacturing 3000 Office, accounting and computing machinery
3130 Insulated wire and cable
3210 Electronic valves and tubes and other electronic components
3220 Television and radio transmitters

32 OECD, 2000, Measuring the ICT Sector.
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OECD definition of the ICT producing sector

3230 Television and radio receivers, sound/video/recording apparatus
3312 Instruments and appliances for measuring, checking, testing
3313 Industrial process control equipment
Services 5150 Wholesaling of (ICT) machinery, equipment and supplies
7123 Renting of office machinery and equipment
6420 Telecommunications
72 Computer and related activities

Although, thereafter, National Statistics attempte8ase the ICT producing sector on this common
definition, the international comparability hadldieen hindered by different classification scheme
In many countries, it is not possible to distinguise wholesale of machinery and equipment, and
the renting of office machinery and equipment fribia data. Furthermore, telecommunication

mostly includes postal services. Another problerderharcation of industries is that the ICT-sector

itself produces more than only ICT-products. NofHi@dustries, in turn, can also produce ICT

products. Information is lacking to adjust for taeemarcation problems.

Composition of ICT using and non ICT using industri es

Manufacturing

Services

Other sectors

ICT using industries

18 Apparel

22 Printing & Publishing

29 Machinery

31-31.3 Electrical machinery
33-33.1 Watches & instruments
35.1 Ships

35.3 Aircraft

35.2+35.9 Railroad and other
36-37 Misc. manufacturing

51 Wholesale trade

52 Retail trade

65 Banks

66 Insurance

67 Securities trade

71 Renting of machinery

73 R&D

74.1-74.3 Professional services

Non-ICT using industries

15-16 Food products
17 Textiles

19 Leather

20 Wood products

21 Paper products

23 Petroleum & coke
24 Chemicals

25 Rubber and plastics
26 Stone, clay & glass
27 Basic metals

28 Fabricated metal products
34 Motor vehicles

50 Repairs

55 Hotels & restaurants

60-63 Transportation

70 Real estate

74.9 Other business services

75 Government

80 Education

85 Heath

90-93 Personal & social services

01-05 Agriculture
10-14 Mining
40-41 Utilities
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Composition of ICT using and non ICT using industri es

45 Construction

Appendix I Growth accounting

Here, we assume that at the level of industiytfrere exists a (value add&dproduction function

relating output to labour, ICT capital, other cahiand time:

Yt: Fy( LlKClKOlt)

whereY is output,L denotes labour inpuiKc is capital input ané&o is other capital input. Taking

logarithmics, the production function can be writteto the following formula:

diny,=gidInlj+ B,;dInkej+ B dInkei+dInTFP;

The elasticity of output with respect to labouedpial to the share of labour cost in the valuei t
output. Given the assumption of constant returrscéde imply that the elasticities of the input
factors add up to one. So the sum of the sharethef capital and ICT capital is assumed to be
equal to (1o).

Equation (1) can be rewritten to obtain a decontjmwsdf labour productivity growth into the

contribution of capital deepening and TFP-growtthez in ICT-sector or in ICT-intensive industries

diny,- dinjj= By [dInkej- dInlj] + B¢ [dInkei-dIn|i]+dInTFP

TFP-growth is residual, and cannot be measuredttirédt is a catch-all term reflecting a bunch of
developments like organisational changes, scatée®sff measurement issues, the effect of new
products etc. Hence, the interpretation of TFPoisstraightforward. Higher TFP-growth could be
related to ICT, but TFP growth may also come fr@aedopments in the economy that are

independent of ICT.

Caveats of growth accounting
Despite its transparency and simplicity, the groathounting framework includes some
caveats that should be borne in mind. It assumestant returns to scale, but positive and

diminishing returns with respect to each input: givzall products of each input approach zero as

33 As labour productivity growth is defined as value added per hour worked, intermediate inputs are not

seen as sources for productivity growth.
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each input goes to infinity. TFP can be seen a®wydor (Hicks-neutral) technology progress,
i.e. the Solow residual. Growth accounting encawsnddso specific difficulties related to the
ICT ‘revolution’.

First, the dramatic fall in registered computecesiis to be corrected for quality changes
(by means of calculating so-called hedonic pritesdling to an even more rapid fall in the cost
of computing power. The question is, however, wletbther or) past innovations should not
have been corrected for quality changes too?

Second, related to the first caveat is that oncdemie prices are used for computers, the
contribution of computers is likely overvalued wsdéhedonic prices are used for other types of
capital too.

Third, we argued that ICT is a GPT. One charadteris that it is applicable throughout the
economy. It is not hard to imagine that the ICTotation made existing capital stock more
rapidly obsolete. If this increase in depreciatidother production factors is ignored the
growth rate (and the contribution of ICT) is undgimated*

Fourth, and also related to the GPT character ®f I€the notion that to implement ICT in
the organisation a lot of investment that is ngistered as such is done; think of all workers
learning to work with new softwar@his leads to a temporary underestimation of TRiPan
long lag in the resurgence of growth.

There are more caveats. If the neoclassical assumsghil to hold, TFP contains the effect
of externalities, hon-constant returns to scaleraack-ups. Additionally, as TFP growth is a
residual variable, it also reflects the impact ofitted variables and, measurement problems.

Moreover, the growth accounting framework provigdermation on what happens to
productivity growth immediately, but it provides egplanation why something happened. In
other words, the growth accounting framework pres#re proximate sources and not the
ultimate sources of productivity growth. To addrésslatter sources one needs another sort of
analyses such as firm-level studies or case stutliesse qualifications hold for all growth

accounting exercises.

3 For a calibration exercise to assess the size of the obsolescence effect see Howitt (1998).
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