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1. Introduction
ICT innovation dynamics continues to be high 
worldwide; 25 years of telecomms deregulation
2/3 of ICT markets (Global Insight) concern the
business community, competitive & innovation driven

ICT investment expenditure is pro-cyclical
ICT expansion continues due to falling relative 
price of ICT goods and services over time
EU/euro area has a growth problem –
hence stronger focus on ICT should be taken!?
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1. Introduction

ICT is general purpose technology with
Economies of scale
Network effects in some sectors

ICT innovation dynamics continues to be high; in 
Germany much ICT innovation in the automotive
industry and other sectors
ICT growth is continuing – in real terms ICT 
investment relative to GDP is rising; based on 
nominal figures ratio is falling=biased perception
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Competition in Telecommunications 
Has Been Reinforced since
1984/1998

UK and US adopted competition in 1984; strong efficiency
gains, massively falling prices, higher innovation dynamics
EU (disregarding UK) introduced competition in 1998: fixed
line network operation and voice telephony
However, problems in mobile competition:

No level playing field (auctions vs. Beauty contest)
No rules for secondary markets for trading of licenses
No good definition for new digital universal services
Unclear conditions for intra-EU digital mergers
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ICT, Trade, Growth, FDI and
Globalization

ICT expansion – fall of costs of international telecommunications costs –
stimulates trade (JUNGMITTAG/WELFENS, 2008: gravity equation), similar
mechanism might apply to FDI; note: increasing trade creates specialization
gains and raises output at home and abroad. 
New global digital markets = true globalization
Relative ICT prices fall over time = incentive to invest more in ICT capital
and to raise the share of ICT intermediate products
New Phenomenon of global or regional digital networks/search engine
platforms – how can one organize competition? (market entry difficult as
there are high sunk costs: R&D and marketing)
More general question: How is growth affected by „digital expansion“, 
what should policymakers do in the field of ICT policy – how big are positive 
external effects of ICT firms, ICT projects and digital networks or clusters? 
(reason for government subsidies...)
How important is ICT investment – relative to GDP?
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Recent Findings on the Link 
Between ICT and Growth

Not just high innovation rate in ICT sector
(and use of ICT capital goods), but also role of
intermediate domestic and imported ICT 
goods – and non-ICT goods (STIROH papers).
Strobel, Ifo Paper 2012: ICT Intermediates, 
Growth and Productivity Spillovers Evidence
from Comparison of Growth Effects in German 
and US Manufacturing Sectors
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2. True ICT Dynamics in OECD 
Countries

ICT dynamics are underestimated in the
general public and on the side of
governments in OECD countries – main
problem is that nominal share of ICT in 
(nominal) output has started to fall in many
countries around 2005; but in real terms it is
increasing!

Prof. Welfens/EIIW, Wuppertal 8



True ICT Investment-GDP Share 
(ICT Price Index 2000=100) vs Ratio 
of Nominal ICT to Nominal GDP (%)

9

Falling ICT Price Index implies that ratio of nominal ICT to no-
minal GDP is biased: underestimation of true ICT-investment GDP ratio;
By implication: overall investment-GDP ratio is underestimated
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Nominal ICT Investment Shares in 
Percentage of GDP (Y / Q / M)
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Real ICT Investment Shares in Percentage of Real GDP; 
in % (Base Year 2000) (Y / Q / M); Role of ICT rising over
time!; good news for countries producing ICT capital goods!
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is a long term phenomenon: role of ICT investment
therefore is underestimated if ratio based on
nominal figures is considered.



ICT Employment Growing in 
OECD Countries (few exceptions)

12
Quelle:OECD (2012), Internet Economy Outlook.
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Role of Software Increasing in 
Leading OECD Countries: Gap is
Considerable for Some: PG, IT
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Specialization in ICT R&D
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Definition of ICT Sector
(OECD)
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ICT Spending by Sectors: 
Education is Negative Outlier!?
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Retail Trade
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Web Supply Dynamics: Germany 
(10%) Weak; Poland, Austria, Spain 
etc. Strong; Korea & Scandinavia ++
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Social Networking
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Social Networking
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Internet Purchases: Spain, 
Portugal, Greece, Italy...weak
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3. ICT Specifics, Innovation and
Growth: Theoretical Aspects
ICT specifics

Scale economies + network effects play a role
Bundling plays a role in some markets
Two-sided markets (credit cards; google, e-bay: Digital 
Walras is expanding!
Global expansion of ever-faster financial markets: 
Creates overshooting problems; good for whom?
Increasing ability of firms/banks for price differentiation in 
certain sectors & activities: e.g. via individual scoring of
customers – e.g. banks use this for determining individual 
interest rates = redistribution of consumer welfare in favor
of capital owners/profits.
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3.1 ICT Expansion, Globalization
and Income Disribution

Important empirical paper: JAUMOTTE, F.; LALL, S.; PAPAGEORGIOU, C. 
(2008), Rising Income Inequality: Technology, or Trade and Financial 
Globalization, IMF Working Paper WP/08/185, Washington DC

There is convergence of per capita income
across countries = result of rising trade
and increasing openness of economies
However, inequality within countries is
rising! WHY??
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JAUMOTTE et al. paper (2008)
Income differentials within countries are rising; 

mainly skilled wage ratio rising relative to unskilled
wage

The latter reflects skilled-biased technological
progress related to ICT expansion: relative demand
for skilled workers rises
Impact of financial globalization =availability of
loans – at low interest rates – increases; this is in favor
of skilled workers who can get such loans; and in favor of
capital owners/real estate owners who have collateral!
Add to this a specific aspect of ICT expansion...(Welfens, 
2004) 24Prof. Welfens/EIIW, Wuppertal



ICT Shifts Economic Rents in Favor of
Capital Owners (e.g. Banks: loan business
for households with scoring approach)
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3.2 ICT: Labor Markets and
Growth

1. Labor markets
Creation of new digital firms is possible on the basis
of the internet; however, ICT start-ups face the problem
that they have lack of collateral for getting loans
Opportunity: micro-multinationals – 5 individuals
already can create a multinational digital company= 
ICT reinforces multinationalization & globalization
Better matching through ICT/internet is possible –
see results from Canada; why is diffusion so slow? If EU 
countries were like Canada, unemployment rate lower!!
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Internet and Matching: Job 
Market Perspectives

27
Quelle:OECD (2012), Internet Economy Outlook.
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3.3 ICT and Innovations in a 
Neoclassical Growth Model
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ICT and Growth (e‘ is Euler number)

Modify the neoclassical growth model
Consider the standard model first (τ tax rate, t time):
Y= Kß(AL)1-ß; K capital, A knowledge, L labor; growth rate 
of A is a (exogenous); growth rate of L is n (exogenous); 
Savings function S=s(1- τ)Y
Impose condition for goods market equilibirium S=Y(1-τ)Y = 
dK/dt +δK; δ is capital depreciation rate

Result (steady state #): y‘#:=Y/(AL) =(s(1-τ)/(a+n+δ))ß‘

where ß‘:=ß/(1-ß); 0<ß<1. Let e‘ be Euler number
Y = A0L0(s(1- τ)/(a+n+δ))ß‘ e‘(a+n)t

Growth rate of Y in steady state is (a+n)
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ICT Affects Growth...
ICT and financial globalization implies that savings rate s falls (easier to
get loans)
However, the relative fall if ICT price implies that effective savings rate 
remains relatively high even if s falls.
ICT reinforces foreign direct investment; we will consider asymmetric case: 
only country I has FDI inflows. Let α* denote the share of capital K 
owned by foreign investors; and s‘ the savings rate of foreign
investors. Let a‘ denote exogenous technological progress; * for foreign variable

S = (s(1-α*ß)(1-τ) (1-λ)1-ß + s‘α*ß(1-λ)1-ß )Y; competition in markets!
Progress function: a= a‘ + θα*a* + θ‘j‘a* + λ‘λwhere j‘ is the share of
imported technology-intensive intermediate goods; ICT expansion –
including falling international telecommunication costs
(Jungmittag/Welfens,2008) – raise j‘. Also rise of a* andα*.
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ICT Expansion Affects

In a modified model (see Welfens, 
Innovations in Macroeconomics, 3rd edition: 
more than 4000 downloads...)

The share of workers in R&D (only 1-λ are
producing); it will increase
The share of capital stock α* owned by foreign
investors: it will rise = enhanced globalization
The share of intermediate technology-intensive 
imported inputs j‘ will increase
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Growth Model: a‘ is
exogenous progress rate

32

ICT-adjusted steady state y‘# (λis share of workers employed in R&D) is:

y#:=Y/L =((s(1-λ)1-ß(1-α*ß)(1-τ) + s‘α*ß)/(a‘ 
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4. Policy Issues

International R&D spillovers through digital R&D and
the internet expansion; calls for more joint
international R&D projects; R&D policy cooperation = 
hardly existing (EU only modestly) 
Governments promoting ICT clusters always a good
idea? Sometimes weak firms – seeking shelter form 
winds of the market – will seek to join the cluster (see
SCHRÖDER, 2012)
ICT Continues to Stimulate Growth Rate in World Economy, but 
venture capital is scarce; US much better than EU or Euro 
area: where is the digital growth initiative in the EU?
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4. Policy Priorities: OECD 
(2012)

34
Quelle:OECD (2012), Internet Economy Outlook.

Prof. Welfens/EIIW, Wuppertal



Additional Thoughts on ICT 
Policy

Towards a global universal digital service
Phasing out telecommunications regulations
and creating true EU single digital market
Government tasks at the national and
international level
Smart grid expansion
Golden rule in the digital world economy
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Policy Issues
New definition of universal digital 
services = (e.g.) global internet service at
affordable flat rate; could be justified on the
basis of positive external national and
international effects (innovation spillovers): 
Proposal: Payment for digital universal 
services through taxation of emissions = 
double dividend from internalizing positive 
and negative external effects
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EU Single Digital Markets

Partial success story
Needed:

Better rules for level playing field in mobile 
telecommunications
Consider market shares on the basis of EU single
market – with combined shares fixed-line&mobile
Allow consolidation of telecommunications markets
in EU – more international competition to be
achieved
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ICT Investment in the
Education Sector

Education sector is 6% of value-added in 
EU, but only 1% of ICT expenditures is in 
the education sector
Governments at the regional, local and
national level have underspending on ICT 
– in schools and universities; many schools
in Germany with very restricted access for
pupils to the internet/websites
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Government Face Serious
Tasks in EU Countries

E-government is weak in many EU countries: 
(e.g. Germany No. 15 or so)
1) Introduce urgently uniform budget
software in all EU Ministries of Finance and
allow Commission to look into digital budget
process = not repeating the Greek cheating of
2009
2) Improve government‘s digital procurement
= cutting deficits in EU countries
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Following Canada: SME Digital 
Policy

40

Source: OECD (2012), Internet Economy Outlook.
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New Fields of ICT Expansion

ICT hardware & software: further
expansion – with increasing role

of software which in turn is
subject to international 

outsourcing and offshoring
(MEIJERS/WELFENS et al. ; 

WELFENS/WESKE Book)

ICT hardware & software: further
expansion – with increasing role

of software which in turn is
subject to international 

outsourcing and offshoring
(MEIJERS/WELFENS et al. ; 

WELFENS/WESKE Book)

Online markets/digital services;
Digital Lifelong learning; E-

university networks (US++;EU?) 
Digital government

procurement= cutting deficits

Online markets/digital services;
Digital Lifelong learning; E-
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Digital government

procurement= cutting deficits

Cross-Innovation: 
e.g. ICT & 

Automotive; ICT & 
Health; Smart Grids

Cross-Innovation: 
e.g. ICT & 

Automotive; ICT & 
Health; Smart Grids
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Smart Grid Dynamics: Which
Investments, Which Ownership

Smart Grids/Smart MetersSmart Grids/Smart Meters

Relevant Data: Ownership, can be
leased/sold?; energy companies should not 
be owners of data; regulation for handing
over data to potential competitor.

Relevant Data: Ownership, can be
leased/sold?; energy companies should not 
be owners of data; regulation for handing
over data to potential competitor.

Smart grids are machting electricity demand
and supply side= reduce peak demand = 
reduce volume of electricity producer park = 
savings on costs and avoiding CO2 emissions.

Smart grids are machting electricity demand
and supply side= reduce peak demand = 
reduce volume of electricity producer park = 
savings on costs and avoiding CO2 emissions.
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Unfinished Lisbon 2010 
Agenda

No comprehensive Commission Report on Agenda 
2010 available (ECB Report available; partly critical)
National governments and the EU should rely more on 
indicator-based ICT modernization strategy (EU 
including Europe 2020); enhance EU Digital Summit
Commission should push the Euro crisis countries to make special efforts in 
the field of ICT expansion and digital innovation/digital entrepreneurship

ITU, EU, EBRD could support private public partnerships in 
Europe – towards new mobile digital universal service (e.g. 
Google Free Zone in the Phillipines for BASIC Internet; why not 
everywhere? Least subsidy principle,BUT Sustained Competition!

Prof. Welfens/EIIW, Wuppertal 43



Crucial New Emphasis in 
Telecommunications Policy

Emphasize competition in mobile telephony
Put focus more on EU mobile internet

EU flat rate must be offered = part of new regulation
Network neutrality definition could be differentiated
concept (see also KNIEPS/VOGELSANG (2009) special
issue International Economics and Economic Policy

Stabilization of the euro area with new impulses for
integrated digital market & ICT R&D
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ICT Patents per 1 Mill. 
Inhabitants at the USPTO 
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Foreign Direct Investment 
Inflows as a Percent of GDP
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EU Facing Challenges
We need

More use of the internet for job searching
Providing better financial framework for creating digital 
firms – with almost no traditional collateral
Digital government procurement platforms should be
modernized
Government should encourage people to develop adequate
skills for the digital society and the digital economy; digital 
retraining schedules to be developed
New global digital international university markets; this
could be a field of EU policy initiatives
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Digital Markets
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Quelle:OECD (2012), Internet Economy Outlook.
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Internet Use at Work
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Supply-side Dynamics
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Leading ICT Firms
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Internet Dynamics: User Side 
(Individuals)
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Quelle:OECD (2012), Internet Economy Outlook.
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E-Commerce
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Quelle:OECD (2012), Internet Economy Outlook.
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Internet Sales
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ICT Policy Areas
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Quelle:OECD (2012), Internet Economy Outlook.
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Convergence followed by
divergence
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