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Preface

For many observers the beginning of a dynamic economic and stock market
upswing in the U.S. in the mid 1990s marked the start of a new era, the times of
the new economy. This phenomenon has been under intense discussion ever
since — both in the political arena as well as among scientists. Thereby the
somewhat glamorous term new economy reflects the conviction held by its
proponents that the use of new technologies will lead to a never ending accel-
eration of technological progress and economic welfare.

The origins of this development date back a long time: More than 30 years ago,
the starting point was the basic innovation “digitilization”. Production as well
as application of information and communications technologies (ICT) are
based on this principle. At the beginning of the seventies, the first micropro-
cessor was produced. Some ten years later, the first personal computer was
brought onto the market. The commercial use of the Internet has begun in the
mid nineties. In view of the economic boom in the U.S. accompanying the in-
troduction of the Internet, the question arises as to what extent the new econ-
omy actually has exerted lasting positive effects on productivity — not only in
the United States, but also worldwide.

Inspired by these developments, the Federal Ministry of Economics and Tech-
nology commissioned RWI, Essen, to study the driving forces of the new econ-
omy. In this report, the trends of the ICT sector and of the use of ICT products
are analyzed with respect to the overall economic effects in Germany in com-
parison to the U.S. Further analyses were carried out regarding the intensity
and effects of e-business. Finally, the influence of different methods of price
measurement on productivity was analysed, since this is important for interna-
tional comparisons of total factor productivity. The study culminates in a
growth accounting calculation separating the contributions to economic
growth by capital, labor, and technological progress.

The study was conducted by RWTI’s research group “Industrial Organisation
and Industry Studies” in close co-operation with Prof. Robert J. Gordon
(NBER and Northwestern University). Professor Gordon is one of the most
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eminent experts in matters of the new economy. The project was directed by
Klaus Lobbe. Preliminary results were presented and discussed by experts on
November 9, 2001 during a workshop organized by the Federal Ministry of
Economics and Technology in Berlin. The study was finished in 2002. Prof.
Francesco Daveri (University of Parma), an acknowledged scientist in the em-
pirical analysis of the effects of the new economy, provided useful comments
in the course of this publication’s preparation. We heartily thank him, as we do
Professor Gordon and all other researchers involved in this study.

Essen, June 2003 Rheinisch-Westfilisches Institut
fiir Wirtschaftsforschung

Christoph M. Schmidt
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Introduction

Already since the beginning of the year 2001, and even more so since the ter-
ror attacks in the United States in early September, economic growth has been
declining in most parts of the world. The decline ends, at least temporarily, a
long lasting phase of accelerated growth. This protracted growth had contrib-
uted to a rapidly rising real income and the creation of a great number of at-
tractive jobs in the U.S. and some other countries for several years. The associ-
ated combination of accelerated growth and monetary stability was often ad-
dressed as the emergence of a “new economy” (see, e.g., Bosworth, Triplett
2000; Bryson 2001; David 2001; Jorgenson, Stiroh 2000b; Nordhaus 2001a;
Oliner, Sichel 2000). This new era was supposed to lead the U.S. to yet another
“golden age” of growth and full employment, making the stagflation of the
seventies and the productivity slowdown of the eighties as a forgotten histori-
cal episode. Many observers assumed that the driving force of this “new econ-
omy” — primarily the development and the increasing diffusion of new tech-
nologies, especially the information and telecommunications technology
(ICT) — would lead to an ever accelerating factor productivity and the creation
of new jobs, to low inflation and increasing “sustainable” real income.

However, the existence of a “new economy” in the U.S. is not an undisputed
fact. In the U.S.-American literature there is an intensive discussion about the
role of cyclical components and capital deepening on the one hand, and the
contribution of technical progress (or total factor productivity) and falling
ICT prices on the other hand (see, e.g., Blinder 2000; Davies et al. 2000). Lower
restrictions regarding trade in goods and capital, an investment-friendly envi-
ronment and a willingness to foster intensive competition, the associated ad-
aptations of corporate structures, a skilful macroeconomic policy (a good mix
between fiscal consolidation and countervailing monetary policy) and singu-
lar events (so-called peace bonus, drop in raw materials prices) are also impor-
tant for the existence of the “new economy”. Last but not least there was a de-
bate in the U.S. economic literature about the appropriate calculation and sta-
tistical determination of labor and total factor productivity, qualifying the
large growth figures to some extent (see, e.g., Boskin et al. 1996; Gordon
19994; Triplett 2001).
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From the European, and especially the German perspective, further factors
that could have contributed to economic growth and employment should be
pointed out. One can refer to the extension and more intense implementation
of the European Community, the reunification of Germany and some struc-
tural reforms, such as the deregulation of several sectors, the privatization of
public enterprises, reforms in public procurement and the creation of new in-
struments for business finance (Neuer Markt and venture capital, e.g.). These
changes in the legal and institutional framework and structural reforms might
also have contributed to the accelerated change in sectoral structures, numer-
ous mergers and acquisitions and the creation of new enterprises. All this re-
sulted in a higher degree of competition and a greater share of small and me-
dium- sized enterprises. Nevertheless, during the nineties economic growth in
most European countries was modest — and proved not sufficient in reducing
the high unemployment rate. Under these conditions, the debate about the
“new economy” in the U.S. was observed more and more carefully in most Eu-
ropean countries.

At first glance, the attractiveness of the “new economy” concept has de-
creased markedly since the bursting of the speculative bubble on the stock
markets (especially the Nasdaq Market and the Neuer Markt). But one should
bear in mind that the connection between both phenomena is weak: While at
the micro-economic level the valuation of individual companies is at issue, at
the macro-economic level it is the development of total factor productivity
which is of interest. Yet, up- and downswing of the NASDAQ or the Neuer
Markt since 1997 reflect at least the changing role of technical progress.

For these reasons, a detailed analysis of the “new economy” and its compo-
nents is still necessary. This requires — first of all — a theoretically sound, but
practicable definition of the term “new economy”. Following the recent litera-
ture (OECD 2001b), this study classifies an economy as a “new economy”, if
there is a remarkable acceleration of real growth in total output, value added,
employment and/or labor productivity that can be mainly attributed to

— animproved quality of labor measured as an increase in educational attain-
ment or in the level of post-secondary skills,

- an extended use of physical capital, above all ICT capital, and

- arising multi-factor productivity (MFP), that is an increase in production
and/or productivity which exceeds the gains resulting from intensified utili-
zation of intermediate inputs or production factors (labor or capital).

Empirically, the MFP is usually calculated as the residual of a production func-
tion estimate. This procedure requires numerous, and partly restrictive, as-
sumptions. Its main focus is necessarily on the long-run development of the
economy, over and above its cyclical up- and downswings. The factors that may
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have caused an increase in MFP are (1) an accelerating technological progress,
(2) a higher degree of competition which pushes prices closer to marginal
costs, or (3) a rising efficiency in the overall production and distribution pro-
cess, either by the introduction of new organizational methods in management
or by the use of new techniques (e.g., ICT techniques).

Against this background a comparative study is conducted on the importance
of the phenomenon of the “new economy” and its driving forces in the United
States and in Germany. In this context, the following questions need to be an-
swered:

- Does the recent acceleration in the growth of U.S.-productivity really imply
a fundamental change in the long-lasting trend of a protracted productivity
slowdown? Which differences exist between the United States and Germa-
ny, with respect to long-term economic growth and employment, factor pro-
ductivity and inflation? Which U.S.-German differences can be observed
across the different sectors of the economy?

— How can these differences be explained? What is the importance of techno-
logical, cyclical and statistical (new methods for price measurement, calcu-
lation of nominal or real input and output figures etc.) factors for this chan-
ge?

— IsICT really a basic technology in the sense that it fundamentally alters the
production process in the overall economy? Alternatively, are the produc-
tion and productivity effects only confined to the ICT-sector?

— Do the general and sector-specific economic advantages arising from ICT
correspond to those experienced during earlier technological revolutions
(rise of the railways, widespread use of electricity and the automobile)? Ba-
sed on historical experience, how long does it usually take for new technolo-
gies to diffuse into the German economy? What is the realistic time scale
for catching up with the U.S. economy in terms of ICT penetration?

- Are there spillover effects from the ICT-sector into the remaining sectors of
the economy? In which way do ICT-technologies change the internal pro-
duction processes and the organization of work in the various sectors
and/or firms? Which role do the new technologies play in the optimization
of production processes as well as for the reduction in transaction costs
(B2B,B2C)?

- What is the structural framework and which are the supporting macroeco-
nomic policies that will foster the further development of the “new econo-
my”? Could more intense efforts by economic, social, educational and re-
search policy help Germany to catch up to other economies, particularly to
the United States?
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To take the U.S. American experience in this field into consideration appropri-
ately, RWI has carried out this study in close co-operation with Prof. Robert
J. Gordon (NBER and Northwestern University). The study is organized as
follows: in Chapter 1 the long- term development of production and value
added, employment and labor productivity in the U.S. and the German econ-
omy are described. Following this, an overview is given about the importance
of open markets and an efficient fiscal policy as pre-conditions for a new econ-
omy. Chapter 2 gives a chronology of fundamental technological revolutions
in the past. The following questions are asked: What can be learned from these
earlier revolutions? To what extent can ICT technologies be regarded as such
a fundamental revolutionary technology? Chapter 3 analyses the volume and
the industrial structure of the ICT-sector in the U.S. and Germany and calcu-
lates the direct contribution of ICT production to economic growth and em-
ployment. In Chapter 4, the role of the economy-wide adoption and use of ICT
technologies and the future perspectives regarding their utilization are dis-
cussed based on general indicators of ICT use and with respect to e-commerce.
Chapter 5 analyses and compares the contributions of ICT capital accumula-
tion to growth in Germany and the U.S. In this context, the special role of dif-
ferent methods used to deflate economic time series data in both countries is
explored. A summary and some implications for economic policy in Chapter 6
complete the study.



Chapter 1

Economic Development in Germany and the U.S.

1. Long-Term Trends

In this section the different developments in the U.S. and in Germany are ana-
lyzed with the aim of identifying the most important correlates of recent eco-
nomic growth. Thus, in a first step a general survey of the important macroeco-
nomic aggregates in the U.S. and in Germany is provided. In a second step, be-
cause of the distinct developments of the German and U.S. aggregates, further
insights preparing the detailed analysis will be provided as well.

In Figure 1, the long-term development of GDP (in constant prices) in Ger-
many and the U.S. is shown. The time series (annual percentage changes with
respect to the previous year) are smoothed with a five-year moving average, to
moderate the short-term cyclical fluctuations. Until 1990 the German growth
rates refer to the former Germany, since 1991 they refer to Germany. The
structural break associated with German re-unification in the year 1991 is
smoothed by using an imputed growth rate between 1990 and 1991. For this
purpose, the parallel reporting of GDP-data for former Germany as well as for
unified Germany was used to calculate the “missing” growth rate between
1990 and 1991.

Until 1980 the German and the U.S. growth rates were fluctuating tightly to-
gether. Since 1981 this pattern has changed. First of all, cycles have decelerated
their frequency. Even more important, until 1988 the U.S. growth rate was ly-
ing above the corresponding German rate by more than 2 percentage points.
After the brief episode 1989 to 1992, the U.S. growth rates have surpassed the
German rates significantly again. During the nineties, the U.S. GDP growth ac-
celerated strongly. Recently, however, this acceleration has come to an end
and the growth rates have reduced slightly. The German GDP growth has also
decelerated since the middle of the year 2000, suggesting that the turning point
has already been passed in both countries.
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Figure 1

Long-Term Development of GDP' in Germany and the United States
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Figure 2 documents the long-term development of the employment figures,
also as five-year moving averages. Similar to the imputation of the missing
GDP growth rate, the employment growth rates for Germany are connected
to the growth rates for former Germany. The U.S. employment growth is lying
significantly above the corresponding rates for the former Germany and uni-
fied Germany, respectively. In Germany, in the middle of the sixties and seven-
ties, between 1982 and 1984 and between 1993 and 1996 the level of total em-
ployment even decreased. In contrast, the U.S. employment growth rates ac-
celerated during the early nineties, and since the middle of the nineties re-
mained on a high level. However, the maximum growth rates of employment
of the years 1967, 1978 and 1986 were not achieved again. Currently, the em-
ployment growth in the U.S is decelerating. However, it is still significantly
higher than in Germany although here employment growth has also acceler-
ated since the middle of the nineties and has nearly reached the high rates of
the end of the eighties.

Smoothing the time series with moving averages is only one method to elimi-
nate the different short-term fluctuations and to concentrate on the long-term
components. Different smoothing procedures, however, lead to different pat-
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Figure 2

Long-Term Development of Employment in Germany and the United States
1961 to 2001; five-year moving average of change rates in %
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terns of the smoothed time series because they focus on different features of
the original series. A well-known method to identify the trend path of the po-
tential growth rate of economic aggregates, while neglecting the cyclical fluc-
tuations, is smoothing the corresponding time series with the Hodrick-Pres-
cott filter (HP filter). Using this filter, enables the analyst to identify the
long-term trend component of a time series. If one assumes that a trend in a
time series only changes, if there are structural changes in the economy and in
the technology, the HP filter is an appropriate instrument to find out whether
the U.S. time series since 1991 has been driven by other structural forces than
in former times.

The HP filter is especially used for estimating the trend component of aggre-
gate output, because in this context it can be interpreted as potential output.
With an estimated potential output, the output gap and the different rates of
capacity utilization can be calculated as differences between actual and poten-
tial output. In this study, however, the HP filter is not only used for estimating
the trend growth of the potential output and for answering the question,
whether there was a secular change in GDP growth rates. It is also used for esti-
mating the trend component of employment growth and factor productivities.
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More formally, the trend component of a time series is estimated by minimi-
zing the target function

g{(y,—y,”)z Ay -y2)-Gr -y}

with y” being defined as potential output, with a given smoothing parameterA.
The first term in brackets “punishes” a deviation between the unknown trend
component and the actual value of the time series. The second term in the bra-
ckets punishes any variation of the trend growth rates. The value of the param-
eter A determines the weight of the two — usually contradictory — elements of
the total objective function. The larger A is chosen, the smoother is the estima-
ted trend time series.

For Germany one has to bear in mind the structural break in the data between
1990 and 1991 because of German re-unification. To overcome this break, the
two different parts of the series are linked. This linkage is possible because be-
tween 1991 and 1997 the Federal Statistical Office has published separate data
for the former Germany, based on the former statistical concepts and defini-
tions, as well as for the whole of Germany, based on the new concept of the Eu-
ropean System of National Accounts (ESVG 1995). For the missing value be-
tween the fourth quarter of 1990 and the first quarter of 1991 a weighted aver-
age of the earlier and later growth rates is calculated to eliminate the special
economic effects of re-unification. Based on the time series of growth rates be-
tween 1960 and 2000 and using the imputed level in the year 2000, the corre-
sponding time series of levels can be calculated backwards. The levels between
1991 and 2000 refer to unified Germany; however, those between 1960 and
1990 refer to a hypothetical unified Germany, without any missing values. As a
smoothing parameter for the quarterly data a value of A = 6,400 is used. This
choice exceeds the default value of most statistical software packages by fac-
tor four, and therefore leads to a stronger smoothing of the trend time series
with nearly complete elimination of cyclical fluctuations.

Figure 3 displays the corresponding trend growth rates (annual percentage
changes relative to the previous year) of GDP in constant prices for Germany
and the U.S. With the exception of the period between 1968 and 1974, the U.S.
trend growth rates of GDP are always higher than the German rates. How-
ever, in the end of the eighties the German growth rates were closer to the
American. During the nineties the trend growth rates in the U.S. and in Ger-
many were divergent. In the last two years this divergence seems to have come
to an end, though.

The pattern of the time series differs with the smoothing strategy, either the
moving average method or the HP filter. For example, the U.S. expansion in
the end of the seventies cannot be observed in the HP filtered series because
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Figure 3
Estimated Trend Growth Rate' of GDP? in Germany and the United States
1960 to 2001; percentage change relative to the previous year
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they are smoothed more severely. This suggests that the expansion could be
caused by short-term cyclical fluctuations rather than by a structural change of
the growth path. Significant changes of the growth path for the U.S. can be
seen in the first half of the eighties, during the Reagan administration. There-
after the growth rates declined until the year 1991, where the long-term expan-
sion has begun. As discussed above, the increase in the estimated trend growth
rates in the HP filtered time series represents structural or technological chan-
ges. Therefore, a structural change in the U.S. growth path seems to have taken
place in the early eighties and in particular since 1991. A high potential growth
could possibly be interpreted as an indication for the existence of the so-called
“new economy”.

On the other side, in Germany one can observe a continuous reduction of the
trend growth rates from about 4 percent in 1970 to 1.8 percent in the year 1982.
During the eighties and until the beginning of the nineties the trend growth
has accelerated to 2.6 percent. This acceleration was even stronger than the
U.S. expansion of the nineties. German re-unification and the structural break
induced by the economic burden of re-unification have stopped this trend
growth. Since then, the trend growth rates have declined, and have recently
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Figure 4

Estimated Trend Growth' Rate of Consumer Price Index in Germany and the United States
1970 to 2001; percentage change relative to the previous year
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see text.

stabilized to low, but constant growth rates of potential GDP. Also in the U.S.
the trend growth rates are stabilizing, albeit, on a much higher level than in
Germany.

Figure 4 shows the HP filtered growth rates of the consumer price index. Dur-
ing the whole observed period between 1970 and 2000, the German CPI
change rates were beneath the corresponding U.S. rates. This result reflects the
high importance given to price stability in Germany. Since the middle of the
eighties, this political target was achieved. An inflation rate of about 2 percent
still counts as price stability. Since the middle of the nineties, the CPI growth
has even decelerated to below 1.8 percent. In the U.S., the CPI growth rate has
decelerated, too. This deceleration of inflation started ten years later, in the
end of the seventies. Since the beginning of the nineties, the fast decline of CPI
growth faded into a slower deceleration. With 2.4 percent the level of the CPI
change rate in the U.S. is significantly higher than the corresponding German
rate. The higher CPI growth in the U.S. emerged with a higher GDP growth,
without any indication for serious inflationary pressure.
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Figure 5

Labor Productivity’ in Germany and the United States
1963 to 2000; five-year moving average of growth rates in %
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2. Labor and Capital Productivity

Against this background the analysis of the driving forces of the “new econ-
omy”, especially of productivity trends, is of great importance. On the one
hand, there has been a direct increase in productivity in the manufacturing
sector by producing ICT. On the other hand, during the nineties there was also
a continuous growth of labor productivity, possibly caused by a broader diffu-
sion of ICT. A rise in labor productivity can be caused by capital deepening or
by an increase in total factor productivity. Capital deepening took place in the
U.S. during the nineties. There was a great amount of investment spending in
hardware and software. However, while capital deepening is only a substitu-
tion between the two input factors labor and capital, the increase of total fac-
tor productivity reflects a more efficient combination of the input factors, lea-
ding to a higher output with the same input (Chapter 5).

Figure 5 and Table 1 document the moving averages of the growth rates of la-
bor productivity in the non-farm private business sector. The rates in Germa-
ny have always been — there was a short exception in the beginning of the
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Table 1

Productivity in the Non-Farm Private Business Sector
1970 to 2000; annual average growth to the previous year in %

Germany US.
per hour per employed per hour per employed
1970 - 1980 4.0 29 1.9 12
1980 - 1990 29 2.1 2.0 13
1990 - 2000 2.7 2.0 2.0 1.6
1995 — 2000 3.0 2.1 3.2 2.5

RWI

ESSEN

Author’s own calculations.

eighties — higher than in the U.S. In Germany the growth of labor productivity
between 1960 and 1980 fell from more than 5 percent to 1 percent. Thereafter,
labor productivity increased to a growth rate of 3 percent in 1990. Until then,
growth was decelerating again. The continuous and long-term deceleration
since 1960 can be explained by the phase of the reconstruction after World
War I1. This period started in a situation of a nearly totally destroyed capital
stock and an abundant supply of labor. After the end of the reconstruction
phase, the velocity of labor productivity growth naturally had to decelerate
again.

In the U.S., a completely different development can be observed. In the first
half of the sixties, a deceleration of the growth of labor productivity occurred
as well. Yet, since the middle of the sixties, productivity growth has been fluc-
tuating around 1 percent. In the first half of the eighties, productivity acceler-
ated, slowing down again in the second part of the eighties. Since 1990 the la-
bor productivity growth has increased again, at first with a slow, and then with
an increasing velocity. The acceleration of productivity growth led to the situa-
tion of a divergent development between Germany and the U.S,; for the first
time the U.S. growth rates of labor productivity have surpassed the correspon-
ding German rates. Furthermore, by contrast to Germany for the U.S. one can
see a rather parallel development between the local maxima and minima of
the three time series (GDP, employment and labor productivity growth;
Figures 1,2 and 5). Possibly factors other than market forces might influence
the economic development in Germany.

This analysis was confined to the overall economy. Figure 6 displays the HP fil-
tered growth rates of sectorally disaggregated labor productivities (gross va-
lue added in constant prices per employed) for various important sectors. In
addition to the structural break in the data because of German re-unification,
the data suffer from another structural break. Sectoral data reflect the harmo-
nization of the national statistics in ESVG 1995, which is based on the SNA
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Figure 6

Estimated Trend Growth Rates' of Sectoral Labor Productivity” in West-Germany
1970 to 1996; percentage change relative to the previous year

35 35
30 - 3.0
non-farm private business

25 - - services - 23

200 7T 2.0

15 -1 15
manufacturing .

10 - e - 1.0

."/
S —mme-l Pl — 05
O T e o~ government

0 rrrr0rrrr1r o1t ot T r T T T T T T T T 0

1970 1975 1980 1985 1990 1995
Authors’ own calculations. - ' Estimated by a HP filter of the original time series. RWI

ESSEN

—2Gross value added in constant prices per employed worker.

(System of National Accounts) and the ISIC Rev. 31. As the definition of the
different economic sectors based on the NACE Rev. 1 for Europe and the
NACE is comparable to the ISIC Rev. 3, the disaggregated German and U.S.
data are comparable, after all.

For Germany there are backward projections of the data of the new statistical
concept (ESVG 1995) since 1991. Consequently, for the former Germany the-
re are data between 1970 and 1990 and for unified Germany between 1991 and
2000. Linking of the time series on a sectorally disaggregated level is not possi-
ble, because the discrepancies induced by the conceptual changes are more se-
rious than on the aggregate level. Furthermore, a comparison between the re-
sults based on the old concept for former Germany and those of the U.S. have
to be taken with a grain of salt.

The trend growth rates of labor productivity of both the non-farm private bu-
siness sector and the manufacturing sector in former Germany have decreased

1 ISIC: United Nations International Standard Industrial Classification of all Economic Activ-
ities. The third revision of the ISIC is used in the SNA.
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Figure 7

Sectoral Labor Productivity' in Germany
1991 to 2000; three-year moving average of growth rates in %
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from 1970 to 1980 from more than 3 percent to 2 (1.5) percent. Since the
eighties until the end of the observed period for the former Germany in 1997,
the trend growth rates are developing on a constant level. The trend growth of
labor productivity in the service sector is also fluctuating on a constant level of
about 2 percent. Only the government sector could raise its growth rate of pro-
ductivity by 0.5 percent, however, the growth velocity is still low.

Figure 7 documents the three-year moving averages of sectoral labor produc-
tivity for Germany. The definition of the sectors is based on the WZ93 rsp.
ISIC classification. The manufacturing sector corresponds to the ISIC catego-
ry “D” (manufacturing) and is directly comparable to the U.S. manufacturing
sector. Within the new classification system on the two-digit level, the govern-
ment sector cannot be identified exactly any longer. As an approximation for
the definition of the government sector, the two-digit figure “75” (public ad-
ministration and defence, compulsory social security) is used. The service sec-
tor contains the two-digit figure “50” (sales, maintenance and repair of motor
vehicles), “51” (wholesale trade and commission trade), “55” (hotels and res-
taurants), “60” to “67” (transport, storage and communication; financial inter-
mediation), “70” to “74” (real estate, renting and business activities),
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Figure 8

Sectoral Labor Productivityi in the United States
1989 to 1999; three-year moving average of growth rates in %
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“80” (education), “85” (health and social work), “90” to “93” (other communi-
ty, social and personal services activities).

During the nineties, in Germany in all sectors there is a tendency for a decrea-
sing velocity of labor productivity growth. In the non-farm private business
sector it moves permanently below the 2 percent line. The productivity growth
of the service sector is even beneath this line. Yet, it has accelerated slightly
during the last five years, so that the rate has reached the non-farm private bu-
siness growth rate. A significant deceleration in labor productivity growth
from 2.5 percent in the beginning and 1 percent in the end of the nineties can
be observed for the government sector. Also in the manufacturing sector,
there was a deceleration of labor productivity growth from more than 4 to
2 percent in the observed period. The slight acceleration during the year 2000
is hardly a sign of the emergence of a “new economy”.

Figure 8 reports the corresponding growth rates of U.S. productivities as
three-year moving averages. The manufacturing sector, with 4 percent, dis-
plays the highest growth rates. They have even accelerated during the nineties.
Also in the non-farm private business sector growth has accelerated or dou-
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Figure 9

Capital Productivity' in Germany and the U nited States
1964 to 2001; five-year moving average of growth rates in %
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bled from 1 percent to more than 2 percent, however, the acceleration took
mainly place in the second half of the nineties. This acceleration can also be
observed, albeit on a much lower level, in the government sector. In the service
sector deceleration diminished.

To analyse the different capital productivities in Germany and the U.S.,a com-
parable definition of “capital productivity” has to be chosen. For the U.S., the
published data refer to the net capital stock; capital productivity is approxi-
mately calculated as gross value added in constant prices divided by net capital
stock in constant prices. We use this definition for Germany as well.

The rate of change of the U.S. capital productivity was always lying above the
corresponding German rate (Figure 9). Since the middle of the eighties, in
Germany there has been a trend of decreasing capital productivity, whereas in
the U.S. there was a growth in the same period. Because of the capital deepe-
ning in the U.S,, the growth rates have declined since the middle of the nineties.
The decreasing trend growth rate of capital productivity may possibly give an
indication for over-investment and under-utilized capacities.
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Figure 10

Sectoral Capital Productivity' in Germany
1993 to 2000; three-year moving average of growth rates in %
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Figure 10 reports change rates of sectoral capital productivity in Germany as
three-year moving averages?. Until the middle of the nineties, sectoral capital
productivities declined more slowly from year to year.In 1997 these rates cros-
sed the zero line, and have been increasing since, leading to an absolute increa-
se in the level of capital productivity. An exception is capital productivity of
the government; its change remained negative during the nineties, conse-
quently, capital productivity is declining here with 2 percent per year.

Figure 11 documents the corresponding sectoral capital productivities in the
U.S,, also as three-year moving averages of change rates. Similar to Germany,
all rates are accelerating. However, the increase in capital productivity has
started already at the beginning of the nineties. Only the capital productivity
of the government sector is declining. For the last three years at least constant
productivities have been achieved.

2 Because of the short observation period, three-year instead of five-year moving averages are
used.
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Figure 11

Sectoral Capital Productivity' in the United States
1991 to 2000; three-year moving average of growth rates in %
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Summarizing we draw the following conclusions:

Since 1991 there is a diverging development in the trend growth of GDP
between the U.S. and Germany; the average trend growth rate in the U.S.
has accelerated from 2.8 percent in 1990 to 3.8 percent in 2000, whereas the
German trend growth rate has started on nearly the same level in 1991, but
has slowed down to 1.8 percent.

The U.S. trend growth rate of employment (between 1.5 and 2 percent) has
always been higher than in Germany (below 0.5 percent). At the same time,
the working-age population in the U.S. was growing more slowly, leading to
a decline in the NAIRU and in the unemployment rate.

The trend growth rate of labor productivity has always been higher in Ger-
many than in the U.S. Since 1995 for the first time the velocity of U.S. pro-
ductivity growth has — now with 2.5 percent — surpassed the corresponding
German rate with 1.3 percent.

In Germany sectoral labor productivities are growing with different con-
stant rates — the highest in manufacturing, the lowest in the service sector.
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By contrast, in the U.S. the growth rates are accelerating with a different ac-
celeration rate in each sector.

-~ Although German inflation was higher than in the U.S. for the period of
1992 to 1995, and was considerably lower in 1996 to 2000, there is a
long-term tendency of a decrease in the CPI-growth rates in both countries.
The German growth rate is slightly lower; yet, there is some convergence
over time.

Clear differences in economic development between Germany and the U.S.
emerge in the nineties. Explaining this divergence is difficult, not only because
of German re-unification. Attributing it only to ICT is certainly inappropriate.
After all, the application and diffusion of ICT is not a special feature of the
nineties, it already started 30 years ago. What is new in the nineties, is the Inter-
net, but its effects have not yet been reflected by the data.

3. External Trade and Foreign Direct Investment

One of the neglected factors that contributed to the “lucky” combination of
high growth,low unemployment and low inflation that the U.S. achieved in the
nineties, is the growing openness of the U.S. economy. Despite of being one of
the world’s most important exporters and importers, external trade of the U.S.
was always low when measured as a percentage of GDP. An often-used indica-
tor of openness, expressed by the sum of exports and imports of goods and ser-
vices (in 1996 prices) relative to GDP, was 10.7 percent in 1970, having increa-
sed marginally in the years after World War II. Since then, the indicator rose, at
first slightly to around 13 percent at the beginning of the 1980s, then at a higher
pace to 18 percent at the beginning of the 1990s. Finally, it jumped to 28.6 per-
cent in 2000.

Germany, on the other hand, always has been an open economy after World
War 11, especially when compared to other European countries of similar size
such as Italy, France or the UK. Even if the indicators for Germany have to be
taken with a pinch of salt, as it is difficult to obtain consistent long time series
on a comparable price base to the U.S. data due to German re-unification, the
openness index was clearly above 30 percent at the beginning of the 1970s and
it climbed to 50 percent at the end of the 1980s. However, German re-unifica-
tion changed the situation: Germany became less outward oriented; the open-
ness index decreased for some years and it remained below its historic high
until 1997. Since then, it rose sharply similar to the development in the U.S.
(Figure 12).

It is not the difference in the level of the openness indices between the two
countries that matters. It is quite obvious that larger countries are less “open”
than smaller ones due to the size of their internal markets. Furthermore, Ger-
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Figure 12
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man economy was, and is, highly integrated with its neighbouring countries,
whereas U.S. companies had to bridge larger distances to the relevant markets
in high-income economies. This also led to differences in the companies’ stra-
tegies. U.S. enterprises were much more inclined to invest abroad to get access
to foreign markets than German enterprises. In 1980, the relation of outward
investment stocks to GDP was 8.1 percent in the U.S. compared to 4.7 percent
in Germany.

Essential for the characterisation of the differences between the two countries
are the changes of the ratios: Becoming more open means to the U.S. economy
nothing else than increasingly using foreign production capacities to meet ex-
cess demand and to overcome shortages in indigenous production. Further-
more, it might be argued that more openness might have helped to keep U.S.
wages and thus inflation down, especially through setting low skilled labor un-
der pressure. However, this effect is highly disputed (see, e.g., Freeman 1995;
Mann 1999: 47-60).

It is the conclusion of Mann (1999: 58-59), that the impact of globalisation on
wages does not differ much from the impact of technological progress and pro-
ductivity growth, but the two work hand in hand. Following from this, growing
openness of the U.S. economy may be considered as one source of the “new
economy”, as it signals a more efficient division of labor spurring productivity
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growth, and it helped to ease inflationary pressure and contributed to infla-
tion-free growth (Dhrymes 2001). In Germany, integration into the interna-
tional division of labor was temporarily reduced in the beginning of the 1990s,
but in recent years, the impact of unification on external trade has receded.

Another aspect that has to be taken into account in this context, are differen-
ces in the organisation of trade. A good deal of U.S. exports and imports is in-
tra-firm trade, between U.S. mother companies and subsidiaries in the Maqui-
ladora industries in Mexico, but also in China and South East Asia. Trading
within the same company necessitates a high capacity to optimise production
processes and to reduce costs, which enhanced the productivity effects of trade
on the U.S.economy. In Germany, on the other hand, intra-firm trade seems to
have not played an important role in the past, partly due to unfavourable loca-
tion conditions, as a low labor cost hinterland had been missing as long as the
iron curtain existed’. However, during the 1990s, the situation changed inas-
much as German companies increasingly used production facilities in Eastern
Europe. In this field, Germany’s comparative disadvantage against the U.S.
appears to become smaller.

4. Public Finance

The fundamental fiscal trends in the German as well in the U.S. economy can
be characterized by a change of paradigm in the late 1970s and early 1980s.
From the postwar period up to the recessions in the wake of the first oil crisis
fiscal policies in both countries were more or less expansionary. Their major
aim was the stabilization of the business-cycle. Yet, these measures were typi-
cally unsuccessful,leading to large public deficits and debts. Between 1965 and
1985, public debt more than doubled in Germany as a percentage of GDP, to
42 percent. In the U.S,, the relation soared from 35 percent in 1970 to about the
same level by 1985 (Tables 2 and 3). The public sector in the U.S. is smaller than
in Germany, since it does not provide a comprehensive old age and health care
social security system. Yet, in both the U.S.and Germany, during the recent de-
cades, fiscal indicators rose dramatically. The expenditure share, for instance,
rose in Germany from 37 percent of GDP in 1965 to 49 percent in 1980 and in
the U.S. from 23 to 29 percent. This increase was not caused by larger tax reve-
nues. Tax receipts did not increase remarkably as share of GDP. In the U.S.
these additional expenditures were funded via deficits and, consequently, the
accumulation of public debt (Figure 13).

In Germany the expansion of the educational and social security systems was
partly financed by increasing social security contributions and partly by debt.
This development restricted the potential of fiscal policy for stabilizing the

3 Figures on intra-firm trade are missing in the case of Germany.
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Table 2

Fiscal Indicators in Germany'
1950 to 2001; percentage of GDP

current receipts current expenditures surplus )
of which of which or public mttzrxe_st-
total contri-  total invest.  deficit debt o5
taxes | ons interest - @)

1950 322 213 8.7 31.6 0.6 2.1 0.6 . 2.7
1955 351 231 8.7 30.4 0.8 27 4.7 . 34
1960 36.0 23.0 10.3 329 0.7 32 3.0 17.4 3.1
1965 36.5 23.5 10.6 37.1 0.7 4.5 -0.6 182 3.0
1970 393 24.0 12.6 39.1 1.0 4.6 0.2 18.6 4.0

1975 44.0 24.8 16.3 49.6 14 39 -5.6 25.0 5.6
1980 46.1 25.9 16.9 49.0 19 3.6 -2.9 31.8 7.5
1985 46.9 25.2 17.6 48.0 3.0 2.4 -1.2 41.7 12.0

1990 44.0 23.6 16.9 46.1 2.6 23 2.1 434 11.1
1991 44.2 22.4 17.2 47.1 2.8 2.7 -3.0 40.3 12.7
1992 45.5 22.8 17.6 48.1 33 2.6 -2.5 43.1 14.3

1993 46.1 229 182 49.3 3.4 2.8 -3.1 471 14.6
1994 46.5 229 18.6 49.0 33 2.7 -2.4 49.4 14.6
1995 46.1 225 18.8 49.3 3.7 2.3 =32 571 16.3
1996 46.8 229 19.4 50.3 3.7 2.1 -3.4 59.8 16.1
1997 46.5 22.6 19.6 49.2 3.6 19 2.7 60.9 16.1

1998 46.6 23.0 19.2 48.6 3.6 1.8 -2.1 60.7 15.6
1999 47.2 24.1 189 48.9 35 1.8 -1.4 61,1 14.7
2000 47.0 24.5 18.7 48.1% 33 1.8 -1.0° 60.3 13.5
2001 459 233 18.6 47.6 32 1.7 -1.7 59.0 13.8

1950 to 2000 offical data, 2001 authors’ own estimations. — '1950 to 1990 former FRG, 1991
and thereafter Germany.— 2Interest expenditures as percentage of tax revenues.— *Without
UMTS-license-auction proceeds (99.4 bn DM).
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economy, providing public goods and improving the income distribution. In
addition, it endangered generational equality, the provision of private invest-
ment and, consequently, the economic growth. In both countries the growth of
the public sector is often implicated as the main reason for the slow-down of
economic growth since the mid of the 1970s.

Reaching a balanced budget has therefore gained more and more importance
in the public and scientific discussion. The allocative function of fiscal policy —
as one of its three fundamental tasks besides stabilization and redistribution —
has gained more and more importance in the U.S. and in Germany since the
end of the 1970s. However, the countries set different courses: Whereas the
U.S. tried to strengthen economic incentives by considerable reductions of
about one third in (personal and corporate) income tax rates, German fiscal
policy concentrated on a reduction of expenditure growth.
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Table 3

Fiscal Indicators in the United States'
1950 to 2000; percentage of GDP

current receipts current expenditures surplus lerest.
fiscal of which of which or public tax-
year total contri-  total invest-  deficit debt o5
taxes . interest =)
utions ment

1950 225 20.6 1.9 20.2 . 33 23

1955 23.7 215 22 21.1 . 54 2.6 . .
1960 249 21.8 3.1 227 20 5.6 2.1 . 9.1
1965 24.4 212 3.1 23.0 1.9 4.8 1.3 . 9.0
1970 269 22.1 4.5 27.6 23 43 -0.7 355 10.0
1975 26.3 20.9 5.5 304 24 39 4.1 325 11.7

1980 27.4 21.5 59 29.0 32 3.6 -1.6 324 14.8
1985 27.0 20.3 6.7 30.6 5.0 3.8 =317 43.2 24.8
1990 271 20.6 71 30.6 5.1 3.7 -2.9 55.3 24.9
1991 277 20.5 7.2 31.4 5.3 3.7 =317 61.2 25.7
1992 27.6 20.4 7.2 32.4 5.0 35 —4.8 64.3 24.5
1993 28.0 20.8 7.2 32.1 4.8 33 —4.1 66.4 22.9
1994 28.3 21.0 7.2 31.1 4.6 32 -2.9 66.5 22.0
1995 28.6 21.4 7.2 31.0 4.8 3.2 -2.4 80.4 22.6
1996 29.0 21.9 7.1 30.5 4.7 32 -1.5 66.8 21.4
1997 293 223 7.1 29.6 4.4 32 -0.3 65.0 19.9
1998 29.8 22.7 71 28.7 4.2 32 1.0 62.8 18.5
1999 30.0 229 7.1 28.1 3.8 33 19 60.7 16.8
2000 30.6 235 7.1 27.5 3.6 34 31 . 15.2

Authors’ own calculations, based on CEA, U.S. Census Bureau and BEA data. — ' Defini-
tions in line with the National Income and Production Accounts (NIPA). - Interest expen-
ditures as percentage of tax revenues.
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Between 1982 and German re-unification each (Christian-liberal) govern-
ment co-ordinated with the state and local authorities to increase the annual
growth rate of all government outlays (discretionary and entitlements and
other mandatory spending) by 2 percent on average. The idea was that with re-
spect to a “normal” GDP-growth-rate of 5 percent per year the deficits in the
public budgets would soon be history. In fact in 1989, on the eve of the German
re-unification, the federal, state and local governments together with the so-
cial security sector reached a slight budget surplus (0.2 percent of GDP) for
the first time since 1969/70. This was the more noteworthy because the so-
called “great” tax reform took place stepwise between 1986 and 1990 and re-
lieved the taxpayers by 1 %2 percent of GDP. By cutting the (personal and cor-
porate) income tax rates and broadening the corresponding tax bases, the tax
system has been simplified.

Since then, fiscal policy in Germany has been committed, at least on paper, to
balance the budgets by a restrictive expenditure policy. This commitment not
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Figure 13
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only concerns public consumption (purchases and recruitment as well as re-
muneration of personnel in the public sector), but also the transfers for inter-
personal and -generational income redistribution, particularly in the old-age
social security system, and payments for social aid and assistance. However,
due to the extraordinary event of German re-unification this policy approach
had to be adjusted to the new challenges. Massive transfers had to be shifted
from the western to the eastern part of the “new” Germany.

This necessity to transfer about 5 percent p.a. of the western economic resour-
ces to the eastern part of Germany ended restrictive fiscal policy for half a de-
cade until about 1995. Public debt rose from around 40 percent of GDP - a le-
vel which reached Germany 5 years (1990) and the United States 10 years ago
(1985) — to almost 60 percent in this short time. In effect, re-unification was fi-
nanced by increasing public debt and by increasing social contributions, in-
stead of raising taxes. But higher social contributions implied higher labor cost
and, consequently, higher unemployment of unskilled workers. Since the
middle of this decade we have seen intensified expenditure cuts and increases
of direct and indirect tax contributions. This policy contributed to the weak
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Table 4

Federal Outlays by Major Spending Category in the United States
1991 to 2000

of which
Total Dlscretlgnary entitlements and Interest
Fiscal spending other mandatory

year spending
% of % of % of % of
bn § GDP bn $ GDP bn $ GDP bn $ GDP
1991 1,3244 22.6 533.0 9.1 702.6 12.0 194.5 33
1992 1,381.7 22.5 534.0 8.7 716.6 11.7 199.4 32
1993 1,409.4 21.8 540.4 8.3 736.8 11.4 198.8 31
1994 1,461.7 213 543.3 7.9 784.0 11.4 203.0 3.0
1995 1,515.7 21.1 545.1 7.6 818.2 11.4 2322 32
1996 1,560.5 20.3 5338 7.1 857.5 11.4 241.1 32
1997 1,601.2 19.5 548.3 6.9 896.3 11.2 244.0 31
1998 1,651.4 19.1 553.6 6.6 938.6 10.8 2412 2.8
1999 1,703.0 18.6 575.0 6.3 976.8 10.7 229.7 2.5
2000 1,789.0 18.2 617.0 63  1,029.8 10.5 2232 23

1991/2000* 33 . 12 . 4.3 . 1.5
RWI

ESSEN

Authors’ own calculations based on CBO data. — ?Annual growth rate in %.

macroeconomic performance of Germany in the past 10 years: real GDP-
growth did not surpass the rate of 1%z percent p.a. on average, and unemploy-
ment remained high at 4 mill. or one tenth of the workforce.

U.S. fiscal policy in the past decade can be characterized as a reversal of the un-
sustainable expenditure and tax policy of the 1980s which had led to conside-
rable public debt. The restrictive fiscal policy enabled the monetary policy to
reduce the interest rates below the level of the 1980s, to induce private invest-
ment and consumption. Between 1991 and 1998, the GDP share of public ex-
penditures, particularly discretionary spending (Table 4) has been cut by 2 per-
centage points. The share of revenues rose to the same extent, particularly by
the tax increases of 1991-1993 (Figure 14). The deficit vanished in 1998 and
has been replaced by a surplus of 1 percent of GDP (Table 3); two years later
(2000) the revenues outweighed the expenditure by almost 3 percent of GDP.
It is noteworthy that not only the expenditure side of the federal budget has
been used to balance it, but also considerable tax increases. This seems to be
the more remarkable with respect to possibly unfavorable incentives to work,
save and invest, because the American tax system is heavily more based on di-
rect levies.

From a macroeconomic perspective this fiscal policy was restrictive for eco-
nomic growth and employment. Our calculations suggest that the dampening
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Figure 14
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effect of these tax and expenditure policies can be associated with a loss of
GDP-growth of % percentage point p.a. each. All in all, economic growth has
been 1 percent lower annually due to fiscal policy. However, monetary policy
countered the dampening effects by lowering interest rates. The federal funds
rate has been on average 2 percentage points lower than in the 1980s. Econo-
metric studies for the U.S. point out that a reduction of 1 percentage point in
the interest rate typically leads to an additional economic growth of more than
1 percent. Thus, the lower interest level has been a strong countervailing force
against the restrictive course of fiscal policy. What it meant for the develop-
ment of the “new economy” in the U.S. will be analyzed in the following sec-

tion of this report.



Chapter 2

ICT and Earlier Technological Revolutions

One of the main issues of the study refers to the question whether the general
and particular economic advantages of the new ICT correspond to those of
earlier technological revolutions. According to the experience of the past, the
focus will be on the following questions:

- To what extent can ICT be regarded as fundamental in the sense that they
fundamentally change the type of industrial production and require far-rea-
ching changes in corporate organisation and working processes?

~ To what extent do ICT differ from earlier fundamental technologies (e.g.,
the steam engine, the railway, the combustion engine, electricity, and the au-
tomobile; David 1990; Gordon 2000a) with regard to the range of their ef-
fects and the speed of diffusion?

- How long does it usually take for new technologies being widely used?
Thus, when technical and scientific innovations are integrated in the pro-
duction and the working processes and when do they show spill-over effects
that influence the interplay between the economic units?

— If there is a time lag in the diffusion of a technology in Germany, what is a
realistic timescale for convergence?

To find out if the characteristics of the ICT and use of such technologies in the
economy are comparable to earlier technological revolutions, historical time
series for Germany and the U.S. are analysed. For Germany, time series exist
since 1850 for the net domestic product in current and in constant prices (Mit-
chell 1980). However, there are missing data between 1914 and 1924 as well as
between 1939 and 1949. Between 1950 and 1990 the time series covers Wes-
tern Germany. Yet, until 1960 West Berlin and the Saarland are not included.
By contrast, the time series for the U.S. is not affected by structural breaks.
However, between 1869 and 1917 there are no annual values; the data were
only collected in five-year or three-year cycles.
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1. Fundamental Technological Revolutions in Historical Perspective

Economic growth is not a continuous, but rather a stepwise phenomenon. The
corresponding structural change itself is induced by innovations. The concept
of innovation comprises the transformation of scientific knowledge into new
products and production processes, but also new organisational forms of firms,
institutions, and labor. Life-cycle theory explains the sequence starting from
innovation, and leads over its diffusion, to the maturity of the product and its
descent. The rise and fall of new products or processes are reflected by the rise
and decline of industries and sectors.

Inspired by this insight, some observers have suggested the existence of long
swings in economic development. They argue, in particular, that the economic
development of the past 200 years can be divided into five large cycles, the
so-called Kondratieff cycles. Each of them is viewed as being caused by diffe-
rent fundamental technologies. Those fundamental innovations induce chan-
ges in the methods of production in the overall economy which are accompa-
nied by changes in the structure of value added. These changes are in turn sup-
ported by the tendency to substitute new, more information intensive products
for traditional products.

The fundamental innovations are often followed by incremental or derivative
innovations which induce a “bandwagon effect”. The derivative innovations
refer to the application and diffusion of the new products, production proces-
ses, or institutions. If those incremental innovations are complementary, they
can cause a sustainable upward shift of the growth path of an economy until
their benefits are exhausted. The five Kondratieff cycles implicated by this
literature (see Nefiodow 1990) are:

— The first cycle ranges from the end of the 18th to the middle of the 19th cen-
tury based on the use of the stationary steam engine. The steam engine cau-
sed the industrial revolution, as well as the existence of firms as institutions
and a shift from agricultural to industrial workers. The regional impacts
were concentrated in England.

— The second cycle spans from the middle to the end of the 19th century and
was based on the mobile steam engine. In combination with the knowledge
of steel processing, the formation of the railway system totally changed the
existing infrastructure. Coal mining, the steel industry and the manufactu-
ring of machinery have gained by the application of the steam engine. The
regional impacts were concentrated on the U.S. as well as on Europe.

- The third cycle started at the beginning of the 20th century and ended in
World War II. This period can be characterized by the widespread applica-
tion of electricity, the electric motor, radio and telephone, and by mass pro-
duction as a new production process. In connection with mass production
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the purchasing power of the private households increased, too. Alongside
pure production processes, planning processes, administration and product
marketing gained in importance as additional fields of economic activity. In
the U.S., the diffusion of electricity and the development of the automobile
occurred simultaneously. The electrification of manufacturing, the wide-
spread use of the automobile reached their peaks in the 1920s. In Europe,
however, the diffusion of the automobile was delayed in comparison to the
U.S. until after World War II. Nevertheless, electricity had, too, become wi-
despread even at the time of the third cycle.

— The fourth cycle started after World War II and was mainly based on impro-
vements of existing technologies. Important innovations are petrochemi-
cals followed by innovations in plastic materials and textiles based on mine-
ral oil. Finally, the first computer and the microchip were developed. The
fourth cycle was ended by the oil crisis in the early seventies.

— Since the end of the fourth cycle there has been a fundamental structural
change in the economy. This change was mainly driven by an increasingly
international division of labor, the globalisation process, and the increasing
importance of information as both a production factor and a technology.
Furthermore, there has been enormous technical progress in biotechnology
and genetics which have led to new and growing markets. Those changes
are often interpreted as a fifth Kondratieff cycle (Nefiodow 1990) based on
telecommunications. Because of the international division of labor and the
globalisation process, the impact of this fifth cycle is no longer regional but
global.

However, at best the exact date of the beginning and end of such cycles within
the economic development can be identified ex-post on the basis of income
and price elasticities. Furthermore, a fundamental technological innovation
does not cause a new growth path of the economy directly after the date of in-
vention. It is more the sufficient diffusion and application of a new product,
process or institution which accelerates the growth path. The exact date of this
sufficient diffusion cannot be determined ex-ante. Finally, it must be taken into
account that normally a fundamental innovation is followed by further incre-
mental innovations and developments, which are, on the one hand, influenced
by the technology and, on the other hand, by market conditions. The interplay
between the fundamental innovation and the follow-up innovations influ-
ences the time lag before the innovation reaches marketability and widespre-
ad application. If there are no supporting factors which increase the absorpti-
on of the market for the innovation, it will take a long time between the inno-
vation and its diffusion.

For example, the widespread application of electricity, which is characteristic
for the third cycle, has its roots in proceeding technological innovations. Al-
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ready in 1866, Werner Siemens invented the generator principle, which is still
valid today for the production of electricity. In connection with the invention
of the light bulb by Thomas Edison (1879),and the gradually emerging electri-
fication of the cities because of the decentralization of the energy sources, at
the end of the 19th century mass production became the prevailing production
method. Industrial mass production changed existing production and working
processes and the organization of firms. Those induced changes were the pre-
conditions for further innovations and raised the standard of living signifi-
cantly. This in turn had repercussions on the purchasing power of consumers.
According to our estimations, the time lag between the fundamental techno-
logical innovation and the widespread use of electricity, with its derivative and
incremental innovations, took about half a century.

A further important technological innovation is the automobile and the com-
bustion engine as its core element. The third and the fourth Kondratieff cycle
are both influenced by the use and widespread dispersion of the automobile.
The automobile influenced regional structures, for example, by the formation
of suburbs. The regional delivery and supply interlinkages were influenced by
the formation of supermarkets. The satisfaction of the demand for mobility
raised the standard of living. Nevertheless, the innovation of the automobile in
a strict sense took place in 1885 by Karl Benz and Gottlieb Daimler. Thus, as
for electricity, it took half a century until the widespread use of the automobile
as a mass transportation system induced a sustainable change in the economic
and regional structure. As a complementary innovation, the formation of the
necessary infrastructure and a national road network — especially in the U.S.
with its long distances — in the first half of the 20th century boosted the diffu-
sion of the automobiles. Henry Ford started the production of automobiles us-
ing assembly lines. Annual output increased between 1910 and 1920 from
19,000 to 1.25 million units, confirming Henry Ford’s expectation of an increas-
ing demand for automobiles. In Germany, Adam Opel introduced the assem-
bly line production in 1924. In the year 1935, for the first time, the annual out-
put of automobiles, exceeded 100,000 units. The widespread diffusion of the
automobile in Germany took place about 20 years later than in the U.S.

Also, in the area of audiovisual technological developments and entertain-
ment facilities, the first innovations have their roots firmly in the past. Impor-
tant audiovisual innovations were the photography by Daguerre in the year
1839 and film projection by the Lumiére brothers in the year 1896 in France. In
1877, Thomas Edison invented the phonograph, and around 1887 Berliner de-
veloped the vinyl record which has been used until recently. In the year 1897
the first cathode-ray tube was developed by Braun, and in 1898 Poulson in-
vented a magnetic tape recorder for recording sounds. All of these innovations
took place in the second Kondratieff cycle, however, they did not determine
this cycle owing to the lack of diffusion to that time. In the twenties, the wide-
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spread diffusion of radio broadcasts began, so that in the third Kondratieff cy-
cle, the information and communication structure changed significantly. The
first radio station, with a regular radio programme started in the year 1920 in
Pittsburgh in the U.S., and in 1923 in Berlin in Germany.

With the widespread use of television in the fifties, the information and com-
munication possibilities were coined to a great extent by mass media. Again, it
took nearly half a century between the fundamental technological innovation
and its widespread diffusion. Only this diffusion facilitated a sustainable and
significant change of the conventional communication structure.

Concerning the development of the telephone as a communication medium
there was a slightly faster diffusion: In the year 1876 the patent for the first
telephone in the U.S. was granted to Bell, and only four years later there were
about 50,000 telephone connections in the U.S. By contrast, in Germany, this
number was reached not until ten years later. In the year 1920, there were 21
million telephone connections in the world: 64 percent in the U.S.,9 percent in
Germany, and 27 percent the rest of the world. In spite of the fast increase in
the number of telephone connections in such a short time, the communication
structure only started to have a sustainable influence on society in the seven-
ties. The time lag between the technological innovation and the widespread
supply with telephone connections was less than 50 years. However, the signif-
icant impact of the communication structure on the society and economy, be-
cause of the widespread application and use of this medium, did not occur un-
til 70 years later.

The technological development of the computer can be subdivided into differ-
ent periods: the first transistor was invented in 1948. At this time Zuse and
Turing also developed the first computer. At the end of the fifties, for the first
time, electronic semiconductors began to be mass-produced. In the year 1971,
the first microchips with more than 100,000 transistors were developed. In the
following year the Arpanet in the U.S. — a pioneer of the Internet — was
built-up for military reasons. Since the beginning of the eighties, videotext as a
basis for multimedia data processing was implemented. The first personal
computers were developed by Wozniak and Jobs in the year 1976. The first
cheap personal or home computers were supplied in the beginning of the
eighties. They formed the basis for multi-media data processing. During the
nineties, the world wide web was developed and, until now, the number of con-
nected computers on the Internet has been increasing enormously.

Similarly to the telephone, the time lag between the first innovation and a
broad market diffusion, in the form of automation of manufacturing and ad-
ministration processes was less than fifty years for the computer. However, the
diffusion of computers happened within a framework of an increasing impor-
tance of administration and management of production and market processes
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and an increasing service intensity. Thus, there has already been a demand for
the new abilities of computers. Furthermore, the high velocity of diffusion was
boosted by the very fast decrease in prices. The impact of the computer as an
information and communication medium on economic structure and growth
has not been seen until recently. Computers have widely been used in the eco-
nomy ever since the seventies, and their spread continues.

Besides the application of computers as single calculation machines, the past
ten years have brought the additional effects of the network computer, via the
Intranet or Internet, as a derivative innovation of the computer. Bearing in
mind the long time horizons between the first innovation, the widespread ap-
plication and the repercussion of the application on the economic structure, it
seems to be plausible that the influence of the use of ICT on the economic
structure has not emerged in its entirety. In particular, the impact of the Inter-
net is not fully reflected in the existing data because the observed period since
the formation of the Internet is too short. A possible long-term consequence
could be a higher market transparency because of an easier accessibility of in-
formation. Higher transparency might lead to lower prices and, therefore, to
higher consumer welfare.

Comparing all of the fundamental technological innovations and driving for-
ces of economic growth during the past 200 years, one can find the tendency
towards an increasing service intensity and a qualitative change in communi-
cation structures, connected with the dispersion and application of the inno-
vations in the economy. However, the productivity effects within the service
sector are more difficult to evaluate than in the manufacturing sector because
the input and the output in the former are more difficult to define than in the
latter.

Furthermore, accelerated growth in connection with fundamental innovation,
its diffusion, and the emerging structural change can take place more easily, if
there is an innovation-friendly economic and social framework, and the
different interest groups are open-minded and willing to adopt the inno-
vations. For this reason the U.S. might have had the better preconditions for
the diffusion and adoption of ICT, while in Germany, especially during the
nineties, the challenges of re-unification had to be mastered. Besides the
special effects of German re-unification, during the nineties some further
structural changes dominated: During the second part of the nineties in
Germany a lot of structural reforms and deregulation took place, while in the
U.S. those reforms had already been carried out earlier. So in the nineties the
diffusion of ICT in the U.S. took place in highly competitive and quickly
changing markets. This structural framework was less volatile and easier to
predict than in Germany.
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Table 5

Growth of GDP and Labor Productivity in Historical Perspective
1871 to 2000; annual average growth rate in %

. . GDP Labor Productivity
Innovation Period

Germany U.S. Germany U.S.
Total period 187112000 2.7 3.7 23 1.4

Kondratieff cycle:
mobile steam engine 1871-1900 2.5 48 0.9 1.7
electricity, automobile 1900-1945 1.8 3.6 2.0 1.1
petrochemicals, television 1945-1970 4.9 29 39 1.8
information 1970-2000 2.1 31 1.7 12
Computer with vacuum tubes 1950-1959 7.7 3.6 6.0 2.1
Substitution of vacuum tubes by transistors  1959-1965 6.3 4.5 5.5 2.5
IBM Computer 1965-1975 31 3.0 34 1.1
Microchips 1975-1985 22 34 2.0 1.2
Decentralisation with PCs and workstations 1985-1990 3.4 32 1.9 0.9
www 1991-1995 13 31 2.0 13
Increasing diffusion with ICT 1995-2000 1.8 4.1 1.1 1.7

RWI

ESSEN

Authors’ own calculations. — 'Due to data restrictions the calculation of labor productivities
was started in 1891.

2. Analysis of Historical Time Series

During the whole period between 1871 and 2000, GDP in the U.S. grew with an
annual average rate of 3.7 percent. That is much faster than in Germany with a
rate of “only” 2.7 percent! (Table 5). However, on the other hand, the average
growth rate of labor productivity in Germany was 2.3 percent — higher than in
the U.S. (with only 1.4 percent).

Also across the various phases of long-term economic development average
growth rates of GDP differed. In addition to the particular fundamental inno-
vations, other factors have had an important impact. For example, the extraor-
dinary growth rate in Germany (4.9 percent) in the fourth cycle, between 1945
and 1970, was more the result of the reconstruction phase correcting for the
low level of GDP after the war than of innovations in petrochemical producti-
on processes and television production, the main innovations in this period. In
the U.S., during this time the average GDP growth rate (2.9 percent) was just
below the long-term average, so that the innovations of the fourth cycle did
not augment the growth path. However, the GDP had already reached a very
high level and high growth rates in the U.S. before the war, so that a slight de-
celeration of growth was not unusual.

1 To take into account the variations in the regional coverage by Germany, the average growth
rates are not calculated from the original levels. Rather, they represent the geometric means of the
corresponding growth factors, and the missing values for the years where structural breaks oc-
curred are replaced by imputed values.
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The GDP growth rates of the second and third cycles can be interpreted in a si-
milar way. Both fundamental innovations and additional factors have influen-
ced the growth path. The fundamental innovations of both of these cycles
changed the supply of mobility possibilities. Because of the great distances and
the different regional settlement structures in the U.S., this supply had met a
greater demand, so that the market conditions for the diffusion of those new
mobility concepts were better in the U.S. In the fifth cycle, with information as
an important resource, the GDP growth rate in the U.S. has accelerated again
to 3.1 percent and has surpassed the corresponding German rate (2.1 percent).
Nevertheless, by interpreting this difference as solely a backlog of Germany,
one has to take into account — besides the different country-specific influen-
cing factors — the very high level from which the German growth rates were
calculated. After World War II, in the period of reconstruction German
growth was very fast. Consequently, the growth rates of the period after the
end of this reconstruction process had to be lower.

Concerning labor productivity, the German growth rates have been higher
than the U.S. rates since the third Kondratieff cycle. The highest growth rate of
labor productivity in Germany was in the post-war period during the fourth
cycle. Thereafter, the rate declined to 1.7 percent. However, the reason for tho-
se high rates was the very low capital stock installed directly after World War
I1, and the fast increase of capital employed in the years after the war. In the
U.S,, the growth rates have not fluctuated strongly between the different cy-
cles. Regarding the whole period of the fifth cycle, the U.S. growth rate of labor
productivity (1.2 percent) was lying 0.5 percentage points below the corres-
ponding German rate (1.7 percent).

The fifth cycle, which is characterized by information as important economic
resource, has neither led to significantly higher growth rates of GDP nor to
higher growth rates of labor productivity yet, so that the computer as a funda-
mental innovation has not caused such greater effects on the economy than
other fundamental innovations. Further insight might be gained by analysing
sub-periods of the fourth and fifth Kondratieff cycle (which are defined by im-
portant innovations in the field of computer technology). In the first two
sub-periods in Germany until 1965, the growth rates were very high. Yet, the
reason was the economic boom after World War II rather than the invention
of vacuum tubes or transistors. Nevertheless, in the U.S., the growth rate
(4.5 percent) in the second sub-period 1959 to 1965 accelerated compared to
the first sub-period. The growth in the U.S. was nearly as fast as during the in-
vention and diffusion of the mobile steam engine at the end of the 19th cen-
tury.

The invention of transistors in the first half of the sixties, which led to smaller
computers making them more robust, made a broader diffusion of the compu-
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ters possible. The broad employment of computers changed the production
processes and led to a capital deepening. The growth rate of labor productivity
reached its maximum during this sub-period in the U.S. Also, in Germany, the
high growth rates of labor productivity between 1950 and 1965 have not been
reached again until now. However, the high rates in Germany were caused by
the post-war capital deepening rather than by the increasing diffusion of com-
puters and microchips in conventional production processes. Between 1965
and 1990, in the U.S,, the growth rates of labor productivity were between 0.9
and 1.3 percent, which was relatively low in comparison to earlier periods or in
comparison to Germany.

During the nineties, German growth rates were significantly lower than in the
U.S., which enjoyed a solid expansion. The German deficit of growth became
more obvious in the second part of the nineties than in the first part. Since
1995, in the U.S,, there was a significant acceleration of both the GDP growth
and the growth of labor productivity. Furthermore, the U.S. has outstripped
Germany concerning labor productivity. For the first time in the 20th century,
the U.S. growth rate of labor productivity was, at 1.7 percent, higher than the
corresponding German rate of 1.1 percent. However, the U.S. rate does not
match the average of the fourth Kondratieff cycle (1.8 percent) between 1945
and 1970. They have also fallen behind the high-labor productivity growth be-
tween 1950 and 1965. Nevertheless, in the long term, the average growth rate
of labor productivity in Germany has always been higher than in the U.S.

Furthermore, the increase in economic productivity was mainly caused by in-
creased productivity in the manufacturing sector, which was induced by the
application of computers in those industries. However, in many industries out-
side the manufacturing sector, no significant productivity gains could be seen,
which is reflected in the famous statement of Solow in 1987 concerning the
productivity paradox of computer use. Reasons for the pretended low produc-
tivity growth outside the manufacturing sector are the limited possibilities of
an increase in production. For example, several working processes such as the
management functions and personal consulting cannot be carried out by com-
puters.

Because the nineties are characterized by a widespread formation of compu-
ter networks, it seems to be plausible that the intensive use of the Internet has
induced a positive impulse on growth and productivity. However, in the U.S.
many positive factors came simultaneously into operation and supported the
expansion. As a necessary, but not sufficient condition, the technological op-
portunities had to be available. However, the combination of innovations in
hardware (computing power) and software could be interpreted as comple-
mentary incremental innovations which strengthened each other. Further-
more, in the U.S., there was a strong demand for information as well as com-
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Figure 15
Long-term Development in Germany and the United States
1850 to 2000; five-year moving average of growth rates in %

GDP in constant prices
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munication products and services from the service sector. This demand was
supported by the firms’ strategies of concentrating on core competencies and
outsourcing parts of their operations. This situation was similar to the diffu-
sion of automobiles in the first part of the 20th century, where also a strong
demand for mobility met a new supply. A further positive factor for the diffu-
sion of ICT was the strong competition in a stable political framework, be-
cause the deregulation processes of the regulated markets had already taken
place in the eighties.

The backlog concerning German GDP growth, however, should not be inter-
preted in such a way that there appears to be a ten-year time lag in the use of
ICT and the Internet in Germany. There are, rather, completely different star-
ting positions. In Germany, during the nineties, a special situation prevailed:
Firstly, the economic effects of the German re-unification have led to a struc-
tural break in the existing growth path, which prevailed during the beginning
of the nineties. Secondly, a lot of markets were deregulated, which led to a poli-
tical and economical framework which could not be predicted as easily as in
the U.S. Furthermore, because of the high unemployment rate and the discus-
sion about the feasibility of the social welfare system, the future expectations
were — compared to the U.S. — rather pessimistic, which led to a more unfavor-
able framework for the diffusion of innovations and for investment in general.
The combination of those extraordinary factors has hampered the positive
economic effects of an intensive Internet use, so that for Germany one has to
wait until the impact of those extraordinary effects has faded out to prove the
effects of ICT use on economic performance.

The graphical comparison of the five-year moving average growth rates
(Figure 15) confirms the frequent changes of the leading positions in the velo-
city of the German or U.S. GDP growth. Generally, the strong declines in
growth were caused by wars and by the world depression. During the period of
the economic miracle in Germany (in the fifties and sixties), the Germany
GDP growth was significantly higher than those in the U.S. The advantage of
the U.S.concerning the growth rates, however, began in the nineties. Neverthe-
less, in none of the periods can any permanent upward shift of the level of the
growth rates be seen. Therefore, in the long run, none of the fundamental tech-
nological revolutions have resulted in a permanently faster growth path.
Every acceleration of growth is followed by phases of deceleration and is only
partly caused by the fundamental innovations. Additional factors, which may
support or hinder the economic performance, have also played an important
role.

Concerning the employment figures, the time series for both Germany and the
U.S. display several missing values. The data result from different censuses,
which were carried out in different years with periods of data collection every
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five or ten years?. The missing values for the employment data between two
particular collection periods are interpolated linearly, so that constant annual
change rates are assumed. The growth rates of employment in the U.S. have
nearly always been higher than in Germany. An exception is the period
around the time of the world depression and at the beginning of the fifties. Sin-
ce the sixties, the employment growth in the U.S. has been faster than in Ger-
many, regardless of the particular situation of the business cycle.

3. Historical Trend Growth of the Production Potential

To find out if the technological innovations concerning ICT have changed the
growth path of the economy, one has to cancel out the cyclical fluctuations and
concentrate on trend growth. For this reason, the historical time series of GDP,
employment and labor productivity are smoothed by the HP filter (see
Chapter 1), so that only the development of the trend component remains as
residual. Figure 16 reports the rates of estimated trend growth?.

Since the fifties, the German trend growth of labor productivity has decelera-
ted, while in the U.S. the growth rate was around 1.5 percent. However, one
can also see, that the U.S. productivity growth during the nineties with 1.3 to
1.7 percent is higher than in the seventies and eighties. This may give a weak
indication for the increased diffusion of the economy with ICT which has led
to a positive production effect. Nevertheless, the currently growth can hardly
be compared with the high growth rates of labor productivity at the beginning
of the twenties and the forties.

Until the world depression, the trend growth rate of the production potential
in the U.S. was higher than in Germany. Reasons for the backlog in growth in
Germany were, on the one hand, the impacts of the German-French war
(1870/71) and World War 1. On the other hand, the automation in the U.S. had
started ten years earlier than in Germany. To which degree the earlier automa-
tion in the U.S. and the impact of the wars in Germany have caused the higher
growth path in the U.S. cannot be identified on the basis of the data. However,
one can see that in the U.S., in the first half of the 20th century, there was a
slight acceleration of the GDP trend growth. This acceleration occurred in a

2 For Germany the collection periods are 1882, 1895, 1907, 1925, 1933, 1939 (in borders of 1937),
1946, and 1950; the missing values between the collection periods are interpolated. Since 1960
there are annual data. For the U.S,, there exist data for the labor force only for several years (1890,
1900, 1920, and 1930). With interpolation and estimates for the unemployed, the number of em-
ployed are estimated. Since 1929 there exist time series without missing values. The structural
breaks in the data of employment because of the different borders of Germany are handled like
the GDP data. The average growth rates are calculated as geometric means of the growth factors;
missing values because of the structural breaks were estimated.

3 The missing values during the World Wars were smoothed by interpolating because only the
long-term trend development is of interest.
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Figure 16

Estimated Trend Growth Rates' of Historical Time Series in Germany and the United States
1850 to 2000; change rate relative to previous year in %
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period of capital deepening due to automation and the introduction of assem-
bly lines in the production process (especially in the automobile production).
The world depression, however, interrupted this development and led to a
sharp decline in the U.S. growth.

In the second part of the twenties, Germany had caught up to U.S. GDP and
productivity trend growth rates. GDP and productivity growth accelerated
significantly during the thirties, a period in which the capital stock was built up
and automation gained in importance in Germany. However, acceleration in
Germany was also influenced by the fiscal stimulation of demand because of
the preparations for the World War II. In Germany, the maximum trend
growth rate of GDP (6 percent) was reached a long time before the beginning
of World War II (in the year 1936). During the war, the German trend growth
rate declined sharply. The maximum trend growth of GDP in the U.S. was rea-
ched later on in the year 1941. Thereafter, the trend growth rates decelerated
to below 4 percent.

In the following years of the economic upswing, German production potential
growth has outstripped the growth rate of the U.S.,reached its maximum in the
year 1957 and then decelerated continuously until 1982. After the 1972/73 oil
crisis, the U.S. surpassed German production potential growth rates again. Un-
til now, the U.S. growth rates have always been higher than the German rates,
and the difference is even widening. Since the nineties one has been able to see
a significant acceleration of trend growth, which can at least partly be attribu-
ted to the higher diffusion with ICT. Furthermore, one can see that in the
post-war period, the U.S. trend growth rate of production has fluctuated less
than in Germany. Focusing on the post-war period, neglecting the special in-
fluence factors of governmental demand stimulation because of the war, one
can see that the recent growth rates in the U.S. are even higher than the growth
rates of the boom in the sixties.

The differences between Germany and the U.S. are reflected especially in em-
ployment. Even in the past, until the end of the forties, the U.S. employment
trend growth rates were higher than in Germany. World War II reduced the
number of the employed people in Germany significantly. In the U.S., howe-
ver, the trend growth rate of employment accelerated. At the beginning of the
fifties the rate reduced to 1.7 percent, a figure which was also reached at the
end of the thirties. In the middle of the fifties, the German trend growth rate of
employment had surpassed the rates of the U.S. for the first time. However, in
the beginning of the sixties in the U.S. one can see a significant change in the
growth path of the employed people from 1.7 to more than 2 percent. A fur-
ther acceleration of the growth path of employment emerged during the nine-
ties. However, also in Germany, one again can see — after the decline of the em-
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ployment growth rates after the re-unification — an acceleration, although on a
much lower level.

The estimated trend growth of labor productivity was more stable in the U.S.
Furthermore, since the end of the twenties the trend growth of productivity
has always been higher in Germany than in the U.S. There is a coincidence in
the time between the widespread use of ICT in the economy, the beginning of
the Internet and the acceleration of the trend growth rate of labor productivi-
ty. In Germany the trend growth rate of labor productivity is still declining, a
slight acceleration of the trend growth of GDP, however, can be observed in
the last years. Also for Germany, there are weak indications for an impact on
growth coming from the “new economy”.

4. Concluding Remarks

The velocity of GDP growth since the nineties in the U.S. has not been higher
than in some time intervals of the past,for example after 1930 and in the fifties.
Intervals of high long-term economic growth have always been followed by in-
tervals of lower growth, so until now the pattern of the recent development is
not unusual. However, the recent upswing in the U.S. looks similar to upswings
in the past, which were induced by fundamental innovations. However, until
now, ICT has seemingly not caused greater, but rather smaller effects on the
economy than earlier technological revolutions.

In Germany the recent trend growth rates of GDP are far away from those
which can be connected with an upswing because of a fundamental technolog-
ical innovation. Nevertheless, at the end of the observed time series there is a
turning point which has changed the direction of the trend growth upwards.

Concerning labor productivity, since the end of the twenties, the trend growth
rate in the U.S. has, for the first time, surpassed the corresponding German
rate. The U.S. growth rate is characterized by a downward tendency since the
beginning of the forties. Yet, in the eighties there was a turning point with in-
creasing rates from this time on. In Germany, the deceleration of the trend
growth rate of labor productivity started in 1960 and — ignoring the short-term
effects of re-unification — is still continuing. However, the long-term decelera-
tion of German productivity growth since 1960 is not unusual because it could
not be expected that the extraordinarily high productivity growth of the past
caused by the restructuring process after World War II would last forever.

The usual time lag between the date of the technological innovation and the
widespread application of this innovation, which induces a structural change
of the existing economic situation, typically takes about half a century.
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The invention of the computer took place more than fifty years ago, and the
widely spread application began not until the seventies and eighties. Thus, on
the one hand a large part of the productivity effects already occurred in the
past. On the other hand, a lot of effects will only arise in the future, because
many problems concerning information technology have still to be solved; for
example the efficient transformation of information into useful knowledge.

The Internet can be interpreted as an incremental innovation which has fol-
lowed the technical innovation of computers. The economic effects of the
Internet, however, have not shown up until now because the time interval is
too short.



Chapter 3

Volume and Growth of the ICT Sector

After the historical perspective described in the previous chapter, this section
provides an empirical analysis of volume and growth of the ICT sector both in
Germany and the U.S. In addition, the direct contribution of the ICT sector to
overall economic growth and employment will be estimated. For this reason, a
practicable definition of the ICT sector and a number of indicators have to be
chosen which represent the volume and quality of production and - as far as
possible —some characteristics of the production process. For a detailed analy-
sis of the ICT sector, information is required about factor input, production,
and distribution up to final demand (Shedule 1). Unfortunately, the statistical
basis for this issue is very weak: The available indicators are mainly focused on
physical output (e.g., production, market volume, value added), whereas input
factors are restricted especially to employment and R&D. Further input fac-
tors, such as physical and/or human capital spending, business start-ups (and
closures) are not available. In addition, the time horizon for the analysis is lim-
ited to the years from 1990 to 2000.

1. Definitions and Data Base

A crucial condition for the analysis is finding the appropriate definition of ICT
products. One question is to what extent traditional information products like
newspapers and books should be included, too. We propose to focus on the use
of digitized signals and miniaturized techniques as a main criterion. Obviously,
the OECD’s well known definition was guided by the same criterion: As a re-
sult of the April 1998 meeting of the “Working Party on Indicators for the In-
formation Society” (WPIIS) and subsequently endorsed at the September
1998 meeting of the “Committee on Information, Computer and Communica-
tions Policy”, the OECD presented a detailed proposal of ICT producing in-
dustries, expressed in terms of the International Standard Classification (ISIC
rev.3) (OECD 2000c: 7; OECD 2001f: table B.7.1,B.7.2). According to this def-
inition, the ICT sector comprises seven industries of the manufacturing sector,
and four industries of the service sector:
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Schedule 1

Framework for Data Collection: ICT Production and Demand
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(1) Manufacturing

3000 Office, accounting, and computing machinery,

3130 Insulated wire and cable,

3210 Electronic valves and tubes and other electronic components,

3320 Televison and radio transmitters and apparatus for line telephony

and line telegraphy,

3230 Television and radio receivers, sound or video recordings or repro-
ducing apparatus, and associated goods,

3312 Instruments and appliances for measuring, checking, testing, naviga-
ting, and other purposes, except industrial process equipment,

3313 Industrial process control equipment,

(2) Services
5150 Wholesaling of machinery, equipment and supplies,
7123 Renting of office machinery and equipment (including computers),
6420 Telecommunications,
7200 Computer and related activities.

In the publications cited above, the OECD provides — on the basis of national
and international data available — an estimate of total volume of ICT sector in
the OECD-countries for 1997 and 1999 (and in some cases for an earlier year).
In this study, we have tried

— to calculate comparable figures for the years 1990 and/or 1995 to 2000 for
the U.S. and Germany and
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- to decompose them by industries on the 4-digit level of the ISIC or the Ger-
man GP 95 code.

These calculations are based on published datal. Due to remaining differences
between the international ISIC and the different national classifications (SIC
for the U.S. vs. WZ 93 or GP 95 for Germany), the results are not fully compa-
rable. For this reason, in the following tables the direct international compari-
son is provided only for the aggregated figures. Concerning the breakdown by
4- or 3-digit levels of SIC and WZ93, there are separate tables for the U.S. and
Germany. In addition, there are two slightly different definitions for the ICT
sector: It can be shown that the definition cited above seems quite broad, be-
cause it also includes “traditional” products such as “Insulated cables and
wires” (ISIC 3130), “Instruments for meausuring air pressure, water flows or
electric capacity” (ISIC 3312; 3320 GP 95), and ,,Industrial process control
equipment” (ISIC 3313;3330 GP 95).

Due to this and to the lack of reliable data, in some parts of the study a more
narrow definition is used; it is defined as “ICT sector (RWI)” and excludes the
items ISIC 3130, ISIC 3312 and ISIC 33132, Besides the OECD, several na-
tional and international institutions use diverging definitions and only in few
cases they allow the analysis over time. In the following tables some of theses
calculations are quoted, too (see, e.g., EITO 2001; Eurostat 2001a, b; WITSA
2000). The differences between these definitions and the OECD definition
will be explained as far as possible.

2. International Comparison

According to recent OECD publications, the ICT sector is of substantial im-
portance for overall economic value added and employment primarily in the
U.S. and the UK and in some smaller countries like Finland and Sweden, but
only of limited importance in Germany, Italy, France, and Japan. With the ex-
ceptions of Finland, Japan and Sweden, all selected countries are net importers
of ICT products (Table 6).

Another well-known source for the volume and the perspectives of the ICT
sector is EITO, a joint organization of leading enterprises of the ICT sector.
Due to a more narrow definition and the exclusion of exports, the EITO fig-

1 I the case of Germany, the main sources were the current surveys of the Federal Statistical Of-
fice in the manufacturing industry, the value added tax statistics and the the national account sta-
tistics; in the case of the U.S. the Current Population Survey (CPS) conducted by the U.S. Bureau
of Labor Statistics (BLS), the BEA Survey of Current Business,and the U.S. Census Bureau’s An-
nual Survey of Communication Services (ASCS). Additional information resulted from EITO
2001 and OECD 2000c, 2001f.

2 Inarecent study, RWT used a broader definition, including “old” information technologies (pa-
per production, printing products, advertising, libraries, news services, and others; RWI 2000).
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Table 6
Size and Growth of the ICT Sector in International Comparison
1998 to 2000
Ger- g o .
many Finland France Italy Sweden UK us. Japan

Value added. cmployment and trade in the ICT scctor, 1999
ICT as % of total business

Value Added 7.0 13.2 9.8 7.1 11.5 10.7 10.5 8.1
Employment 4.5 94 9.0 4.7 8.7 7.7 5.8 6.9
Trade balance -0.4 3.0 -0.2 -0.9 2.1 0.4 -0.4 1.3
ICT as % of total goods trade
Average exports/imports 12.5 21.7 12.8 8.4 19.5 20.7 22.7 24.6
Market volume of ICT products
in bn $, 2000
Total 108 7 80 58 17 94 683 208
Information 52 4 41 19 10 50 429 115
Telecommunications 56 4 40 38 7 44 254 93
Annual growth rate, 1998/00
Total 10.2 11.0 12.8 14.6 10.9 12.4
Information 9.9 12.2 11.6 11.5 11.1 11.9
Telecommunications 10.5 9.9 14.1 16.3 10.6 13.1
As % of GDP. 2000
Total 5.0 5.6 5.5 4.8 7.2 6.7 7.8 53
Information 2.4 2.6 2.8 1.6 42 3.5 4.9 29
Telecommunications 2.6 3.0 2.7 32 3.0 3.1 29 24
RWI
Source: OECD 2000c, 2001f; WITSA 2000; EITO 2001 and authors’ own calculations. i

ures for the market volume of ICT products and services are significantly
lower than the OECD calculations, but they show the same differences be-
tween the selected countries. Judged by the growth rates in 1998/2000, the use
of ICT goods and services is continuously rising whereby especially France
and Italy seem to catch up slightly3. In most of the countries, the developments
in the field of telecommunication services have made progress; only the infor-
mation goods in producer countries like Finland and Sweden are gaining
disproportionally from the growth of hardware production (12.2 percent and
11.1 percent, respectively).

The RWI has made some efforts to implement the ICT definition of the
OECD on the basis of official datasets. Time series for the development of the
different product groups and service categories in Germany and the U.S. were
calculated. The results are presented in Tables 7 and 8. However, a comparison

3 The forecasted values for the years 2001 and 2002 are not reported here because they had been
already worked out at the beginning of the year 2001. At that moment in time no one was able to
expect the abrupt decline in the development of the “new economy” and the following cyclical
slowdown as well as the events which happened in September 2001.
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Table 7
Contribution of the ICT Sector' to Economic Growth and Employment
1995 to 2000
Value added at current priccs? Employment
2000 1995/2000 2000 1995/2000
value,bn  share®  growth? mill. share’  growth?
Germany
Hardware 50 1.8 7.3 355 1.2 2.2
Software 131 48 5.1 703 23 33
ICT total 181 6.6 5.6 1.058 34 12
Non-farm private business 2.729 100.0 24 30.831 100.0 0.9
excluding ICT 2.548 93.4 22 29.770 96.6 0.9
United States
Hardware 205 2.8 8.9 1.677 1.5 29
Software 612 8.3 11.2 4.005 3.6 7.4
ICT total 817 11.0 10.6 5.682 5.1 5.9
Non-farm private business 7.404 100.0 6.3 112450 100.0 2.5
excluding ICT 6.588 89.0 5.8  106.768 94.9 2.4

RWI

ESSEN

Authors’ own estimations. — 'OECD definition. - 2In national currencies. — °In % of non-
farm private business. - *Annual average growth rate in %; excluding housing.

with the U.S. is only possible on the basis of nominal value added and people
employed (Table 7). Due to different methods of inflation measurement
(Paasche indices vs. hedonic prices) it is not possible to compare the level and
growth of real GDP. The analysis period focuses on the years 1995 to 2000 be-
cause of data restrictions. Therefore, a desirable cyclical adjustment, which
had also to reflect the largely diverging cyclical patterns of both countries,
could not be carried out here. The results emphasize the concurrent findings of
the OECD and EITO that Germany, with a 6.6 percent share in the ICT sector
on the value added of all private companies (excluding agriculture, forestry
and dwellings?) is far behind the U.S. (11.0 percent), both in manufacturing
goods (hardware 1.8 percent, compared with 2.8 percent) and services (soft-
ware 4.8 percent, compared to 8.3 percent). Yet, the nominal value added of
hardware producers in Germany rose much more briskly than that of software
providers from 1995 to 2000. Contrary to this, the U.S. trend was more strongly
driven by service companies. All in all, the ICT sector, with nominally 5.6 per-
cent per year, grew significantly faster than the average for all companies. The
situation was similar to the U.S. However, because of the lower share, the di-
rect contribution of the ICT sector to overall economic growth in Germany is
estimated at just 0.2 percentage points per year (this means, at this margin,

4 Besides commercial accommodation agencies, to the housing industry belongs the ownership
and use of flats and/or of single and two-family houses.
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overall economic growth would be less if there were no ICT sector). By con-
trast,in the U.S., the direct impact is estimated at just a half percentage point>.

In Germany, changes in employment of the ICT sector turned out to be decid-
edly disappointing. Even in the field of hardware there were job cuts. Mainly
two reasons are responsible for this trend: On the one hand, until the recent
past, industrial production in the field of office and data processing machines
is characterized by “classical” typewriting and calculating machines, copiers,
cash registers, and postage meters. In the following years this sector had to cut
jobs to a great extent and to close down manufacturing plants. The capacity
and employment cuts could not be compensated by the producers of main-
frame computers and desktop computers or peripheral devices. Additionally,
the leading suppliers have carried out outsourcing of parts of their production
to legally and economically independent enterprises of the service sector.

On the other hand, the framework conditions and organizational structures
changed decisively in telecommunications in Germany in recent years. As a
consequence of liberalization and far-reaching privatization, the need to ratio-
nalize has increased considerably. Although numerous suppliers entered the
market and established companies expanded their product scope, the number
of employed people declined markedly. Many activities in fields like premium
rate services, broad radio and broad band cable services, information and in-
novation management or asset management were outsourced to companies in
other sectors.

Allin all, according to this data, in the year 2000 in Germany only 1.1 million
people or 3.4 percent of private business sector employment worked in the
field of ICT. The ICT sector of the U.S. employed 5.7 million people (5.1 per-
cent)®. In Germany, like in the U.S., the ICT sector contributed directly only a
little (by at most 0.1 percentage point) to the overall economic employment
growth.

By coupling different German special statistics with the national accounts one
can gain further data for the ICT sector. Additionally, with these data, a
narrower definition “ICT sector (RWI)” is possible. Thus, table 8 illustrates
that production in this sector has increased in the last years more rapidly than

5 In such hypothetical calculations those growth effects are neglected, which are caused by a
more intensive ICT use in other sectors (for that cf. Chapter 4).

6 For the narrow RWI definition, there are 930,000 employees. In a comparison with the EITO
figures often cited in economic and political discussions, it should be considered that statements
are made there on the supply and/or demand for ICT skills. Thus, in Germany, for example, there
was a demand for skills (including e-business and call center skills) of 2.95 million people. There-
fore, this not only involves employees of the ICT sector, but also of engineering sector, building
and construction industry, credit institutions and insurance companies (see chapter 4 for a com-
parison).
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Table 8

Production, Value Added and Labor Productivity in the German ICT Sector
1995 to 2000; annual average growth rates in %

ICT sector Non-farm private business!

excl. ICT

OECD RWI total (OECD)
Production, at current prices 7.9 8.1 34 32
Value added, at current prices 5.6 5.6 24 22
in % of production 477 47.8 473 473
Value added, at 1995 prices 9.5 10.1 2.5 2.0
Employment 12 1.6 0.9 0.9
Labor productivity 82 83 1.6 1.1
in 1 000 DM per employee 204.9 218.5 89.1 85.0
GDP deflator -3.5 -4.1 0.1 0.1

RWI

Authors’ own estimations. — 'Excluding housing. il

the value added. This suggests an intensified inter-sectoral and inter-regional
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