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Abstract

The paper presents a detailed industry-level productivity analysis (52 industries) for the
effects of industry structure on TFP growth for Germany from 1971 until 2000. The
analysis builds on a theory by Acemoglu et al. (2003) relating industry structure and
productivity growth of an industry. The analysis reveals positive effects of vertically
disintegrated industries with respect to TFP growth during a convergence period. After
the convergence period, there remains only a positive effect for industries which use a
higher share of imported intermediate inputs, especially in manufacturing industries,
providing evidence for beneficial effects of higher levels of international cooperation on
TFP growth.

The database of the analysis is the recently collected productivity database for Ger-
many. The Ifo Productivity Database, which is unique due to its high data quality, offers
industry- and asset-specific capital data and also for the first time data on domestic and
international intermediates input over such a long period. The database allows to allo-
cate productivity growth according to the gross output growth accounting method fol-
lowing Jorgenson and Stiroh (2000).
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1. Introduction

The effects of outsourcing have been in the focus of several economic and political debates all
over the developed world for the last years. The discussion accompanies job relocations from
the developed world to developing countries which have accelerated during the 1990s. But
outsourcing does not only relocate production activities from one country to another and
induces pressure on the labor market for low-skilled workers (cf. Feenstra and Hanson, 1999).
It also changes considerably the organizational structure of the production process an industry
(industry structure henceforth) and its degree of international integration due to the
substitution of domestic suppliers by foreign ones. Its therefore eminently important to
analyze the effects of the change in the industry structure and the degree of international
integration on the productivity growth of an economy since a higher level of vertical
integration of an economy could constitute a change in the production technology or process
of an economy and affect the production possibility frontier of an economy.

A recent article by Acemoglu, Aghion and Zilibotti (AAZ) (2003) provides a theoretical
intuition for the effects of different industry structures,! i.e. the share of intermediate inputs
over gross output, on productivity growth. They argue in their article that the organizational
form of a production unit, i.e. outsourcing vs. vertical integration of the production,
influences the productivity level and the convergence path to the world technological frontier.
This study intends to test the AAZ hypothesis empirically on the industry-level by analyzing
the effects of industry structure on (total factor) productivity growth of an industry.

The focus on the effects of outsourcing on the productivity of industries and hence the
international competitiveness of those industries is an important complementary perspective
for the public debate and can help to draw a more accurate picture of the effects of
outsourcing on the economy as a whole and not only on the labor market. The public
discussion on outsourcing focuses mainly on this issue which is an important field of research
but should not be the only one. The labor market focus of the public debate is aligned by a
focus of the economic literature on the effects of outsourcing on labor market outcomes.
Feenstra and Hanson (1999) and Hijzen et al. (2003) have analyzed among others the impact

of outsourcing activities on wages and the wage distribution, with a common consensus that

I The authors analyze in their article the effects of vertical integration vs. non-integrating for firms and
generalize it for whole economies to illustrate the convergence path of economies. In principal the reader can
also think of an industry as a production unit with a production function for which the intuition for the effects of
industry structure would also hold.



outsourcing of activities lowered the wages of low-skilled workers, while the effect on high
skilled workers is in tendency positive.

Recently the focus has shifted towards outsourcing and the productivity of an economy
(Acemoglu et al., 2003). Especially in Germany there is a growing awareness of a change of
the production structure towards a “Bazaar economy” (Sinn, 2005), assembling intermediate
inputs produced in low costs countries to the final product which calls for an analysis on the
productivity influence of this development. On the aggregate level, several efforts have been
undertaken to analyze the effects of outsourcing both from a theoretical (Grossman and
Helpman, 2002) and empirical point of view (Alcala and Ciccone, 2004) and illustrated the
opportunities and risks of this development.

On a lower level, inspired by the seminal work of Griliches and Siegel (1992), several
attempts have been undertaken to quantify the outsourcing effects on productivity growth.
Gorg et al. (2004) analyzed the effects of increased outsourcing activities on the firm-level for
a panel of Irish firms, finding a positive effect of outsourcing of intermediate goods which is
especially relevant and significant for firms which export a high share of their final goods to
other countries, but no clear effect for the outsourcing of intermediate services. This finding
is reinforced by Gorzig and Stephan (2002) and Gorg et al. (2004) for England and Germany
on establishment-level data that also show positive effects of outsourcing on productivity in
terms of profitability and returns.

But on the industry-level less emphasis has been dedicated to quantify the effects of
outsourcing and a changing organizational structure on the productivity growth. Foster et al.
(1998) and Jorgenson and Stiroh (2000) analyze each the productivity growth on industry- or
plant-level but do not concentrate on the effects of outsourcing on productivity growth
although this could have potential effects following the AAZ hypothesis. It is therefore the
goal of this analysis to deliver more empirical evidence on the AAZ hypothesis on the
industry-level, to analyze the effects of international integration of industries on productivity
growth and to contribute to productivity research by providing evidence on the effects of
industry structure and international integration on TFP growth.

The basis of the empirical analysis of the paper is the recently collected Ifo Productivity
Database which is a uniquely rich dataset for growth accounting analyses of Germany on the
industry-level and covers the period from 1970 until 2000. The database is also, according to
the author’s knowledge, one of the few datasets which allows a growth accounting analysis on
the industry-level using the gross output concept which is the preferred concept on the

industry level (Jorgenson and Stiroh, 2000, Sichel, 2001, Jorgenson et al., 1987). A unique



feature of the database is its differentiation of intermediate inputs into domestic and
international intermediate inputs which offer the unique opportunity to study the effects of
international outsourcing on the industry-level. This issue is of special relevance for Germany
due to the fact that its location in the heart of Europe and the relatively high openness of the
German economy provide a rare opportunity to analyze the effects of international
outsourcing on the productivity potential of an economy. Especially the fall of the iron curtain
and the market opening of the Eastern European economies can be seen as a unique
opportunity to study the effect of internationalization of production networks on the industry-
level and deserve to be analyzed.

For this purpose, the study is structured as follows. In section 2, the article is related to the
economic literature on outsourcing and productivity and surveys the available evidence.
Section 3 presents the theoretical underpinning and intuition for the effects of outsourcing
while section 4 introduces the implied growth accounting framework and the database which
is used for the TFP calculations. Section 5 introduces the econometric estimation approach of
the paper and presents the results of the econometric section. Section 6 summarizes the results
of the paper and proposes future fields of research for productivity analysis related to

outsourcing activities of economies on the industry level.

2. Related literature

The analysis is related to three separate streams of the economics literature on outsourcing
and productivity and contributes to the existing literature by adding evidence on the effects of
industry structure and international integration on productivity growth.

The first stream of economic literature which is related to the research topic of the study is
the well researched field of productivity analysis on the industry-level. A disadvantage of the
available evidence on the industry-level is the relatively small number of growth accounting
studies which use the gross output concept for industry analyses. Jorgenson and Stiroh (2000)
provide an encompassing study of productivity growth on the industry-level using the gross
output concept for the US. Their analysis highlights the importance of intermediate inputs to
explain productivity growth of industries and especially the contribution of the ICT industry
as main contributor to the productivity growth of the US economy. Another related
contribution on the industry-level was undertaken by Oulton and O’Mahony (1994) who
analyze the productivity growth of industries for the British economy. Van ark et al. (2002)
analyze for a sample of developed countries the development of productivity growth over

time. While this analysis is of great worth from an international comparative perspective and



provides rich evidence on the sources of differential productivity paths between Europe and
the United States, the use of the value-added growth accounting methodology limits the
applicability of the results for within country analyses. The neglecting of intermediate inputs
in the production functions does not allow to analyze the effects of a changing intermediate
input mix and industry structure and is therefore less well suited to decompose the aggregate
productivity growth according to industry contributions since the Domar (1961) aggregation
is not used to aggregate the productivity growth of industries.

The second stream of the literature which is related to the research is the rich field of
economic literature which analyses the effects of trade and outsourcing on labor market
outcomes. Feenstra and Hanson (1999) estimate the effect of outsourcing on the relative
wages of production and non-production workers for the US from 1979 to 1990. Their
analysis highlights the effects of outsourcing as an explanation for the widening wage gap of
production and non-production workers. A similar study for Great Britain has been
undertaken by Hijzen (2003) finding similar effects of international outsourcing for the wage
dispersion in the UK. Egger and Egger (2005a,b) analyze in a series of papers empirically and
theoretically the effects of outsourcing on the labor market and the industry structure of an
economy. In Egger and Egger (2005a), the authors analyze the effects of outsourcing on
productivity of low-skilled workers finding a negative impact of outsourcing activities for this
group in the EU. A specific analysis of the Austrian economy of Egger and Egger (2005b)
shows the significance of industry spillovers for estimating effects of outsourcing on the labor
market. Their article suggests that indirect spill-over effects influence the employment
situation considerably and reveals also a positive effect on the employment situation of skilled
compared to unskilled workers. In an additional theoretical model, Egger and Egger (2005c¢)
analyze the effects of outsourcing and trade on welfare and the structure of production
networks of economies.

The third stream of related economic literature are econometric analyses on the
determinants of TFP growth. Flaig and Steiner (1993) analyze the determinants of TFP
growth for a sample of West German manufacturing industries and reject the hypothesis of a
structural break or slowdown for productivity growth in the period from 1961 to 1985.
Recently Basu et al. (2003) analyzed the effect of ICT investment on productivity growth
using a sample of British industries for the 1980s and 1990s. Basu et al. (2003) use a dynamic
panel data approach and suggest that ICT investment has a long-term influence similar to a
General Purpose Technology. They conclude that ICT investment has an influence on

productivity growth which fully realizes its potential over a longer time period. Several



papers on productivity growth on plant-level like Gorg et al. (2004) analyze the effects of
outsourcing on plant productivity using econometric panel data techniques which are similar
to the econometric approach employed below. These studies find positive effects of
outsourcing of intermediate inputs on plant productivity and are one of the motivations for the
conduction of a productivity analysis of outsourcing on the industry-level as a next step in

productivity research.

3. Theoretical Underpinning

While the effects of outsourcing on wages and the wage distribution are quite intuitive, it is
less clear why outsourcing should also affect the productivity of an economy. The basic idea
for outsourcing effects is that vertically disintegrated industries are better suited to converge
to the world technological frontier and hence have a higher level of productivity. To illustrate
this intuition, this section presents two complementary theories of Acemoglu et al. (2003,
2004) and Linbeck and Snower (2000) which analyze the potential effects of globalization

and/or technological shocks in production on productivity growth.

Outsourcing vs. vertical integration- A simple model of economic development

In the recent economic literature, a research project of Acemoglu, Aghion and Zilibotti deals
with the effects of institutional settings on productivity growth. Different frameworks create
different incentives for agents and can either encourage or hinder the economic development
of a country. The authors analyze the effects of several institutional settings like financing
and selectivity of an economy on the long-term growth path and the convergence of an
economy to the world technological frontier. Their model explains under which
circumstances economies converge to the technological frontier and under which
circumstances an economy is caught in a convergence trap with a lower level of productivity
in the long-run.

An article of this research project deals with the organization of firms and the effects of
organizational choices on the long term growth of an economy which can be used to derive a
theoretical intuition for the effects of outsourcing on productivity growth. Acemoglu et al.
(2003) show that an economy which decides to stay vertically integrated experiences a lower
steady-state productivity growth and steady-state productivity level compared to the world
technological frontier. The reason for firm owners to abstain from outsourcing and choosing
an inefficient integrated production organizational form is owed to a hold-up problem which

arises due to the fact that firm owners have to share rents with suppliers in the case of



outsourcing. Building on that article, the following section develops a simple model of
industry structure and productivity (growth) and modifies the model of Acemoglu et al.
(2003) in a few points. Since the decision process of the organizational form of an industry is
not in the focus of interest in this paper, organizational decisions are taken as exogenous and
the organizational forms of “vertical integration” and “outsourcing” and their influence on the
productivity level of an industry are compared.
Industry structure and productivity growth

The production function y,(i) of a sector i in period t is a function of the labor L,(i) used for
production, the scale investment s,(7) in industry i in period t, the state of technology A4,(i) of

industry i in period t and the input of intermediate goods x,(7).

V(i) = éL,- O - (5,()- A4,(0)™ - x, ()" 3.1

The model assumes that each industry is either vertically integrated with x,(7)=0 or out
sources its production with x,7)=1.2 The industries face with regard to their organizational
form a trade off of realizing either the potentials of an improved innovative potential by
disintegrating the production process and being caught in a hold-up scenario (due to the fact
that the firm owner has to share production rents with the supplier whose scale and
productivity decisions are ex post non-verifiable by a third party) or staying vertically
integrated and being less innovative. In addition to the basic model by Acemoglu et al.
(2003), this setting assumes that outsourcing is not always the most efficient form of
production and that industries which are vertically integrated invest more effort 7" in their
ability to adapt technologies from the world technological frontier and put less emphasis on
innovation activities for their own production technology.

More specifically, following Acemoglu et al. (2003), the model assumes that the

technological state 4,(i) of an industry i in period t is:

A,G)=n,(0) A + 7, ()4, (3.2)
with the imitation parameter 7,(i) for the technology adaptation of the world technological

frontier as

17,6, T@) =1+ z2((1-T,())) (3.3)
and the innovation parameter y,(i) of an industry’s own technology as
7 T(@) =y +x(T,(0). (3.4)

2 The organization form can depend on various circumstance like competition intensity, fixed investment
costs and many others which influence the decision making process. A detailed analysis on the influence of
several factors on the organizational decision can be found in Acemoglu et al. (2003).
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The technological state of an industry depends on the inflow of technology (adaptation)
from the world technological frontier and the innovation activity of the own production

technology. Both the imitation of the existing technology at the world technological frontier
A and the innovation of an industry’s existing technology A4, _, have a lower threshold

parameter for imitation 7 and innovation y of an industry. Additionally to the lower

threshold parameters each industry spends an effort 7 (which depends on the organizational
form of an industry) either on adapting the world technology or on innovative activities of the
current state of the industry’s own technology For simplicity, the model assumes that an
industry either allocates all effort to adaptation activities (with z(7=0)=4) or innovation
activities (with x(7=1)=nu).

By dividing (3.2) through A,i), we can derive the following convergence paths for
vertically integrated industries and outsourcing-dependent industries to the world
technological frontier.

The convergence path for a vertically integrated industry relative to the world
technological frontier is

afjl :i(g+i+j_/-afi), (3.5)

which implies for the existence for a non-convergence trap of the imitating industries that
l+g>Mn+A+y) (3.6)

3.6 implies that in the long-run an industry which imitates only innovations of the world
technological frontier reaches a lower steady state equilibrium compared to the long-run
equilibrium of the world technological frontier.?

For industries which specialize on innovation activities and out source therefore parts of
the production process, the level of the own production technology relative to the world
technological frontier is

ni 1 ni
at+l = (Q+(_7+ﬂ)at ) (3.7)
l+g

which implies the growth rate of the world technological frontier as

l+g=(n+y+p). (3.9)

3 The growth rate for industries which are caught in a convergence trap equals in steady state the growth rate
of the world technological frontier but is smaller in absolute terms. The growth gap of the integrated industries
to the world technological frontier depends in this case on the relative productivity level of an industry
compared to the world technological frontier.



The growth rate of the world technological frontier is in the long-run equal to the growth
rate of the most advanced country which can be derived from equation (3.2) using (3.5), (3.7)
and (3.8).

Using (3.5) and (3.7), the convergence paths and the convergence trap of the vertically

integrated industry are illustrated in Figure 1.

Figure 1: Convergence of vertically integrated and non-integrated industries

A+l 4
1 Outsourcing
Steady State
Vertical Equilibrium
Integration
l+¢g
> At

é atr ap 1

The vertically integrated industry begins the convergence to the long-run steady state
equilibrium with a jump start compared to the outsourcing industry. The intuition for that
development is that spending resources on innovation of existing technology is less promising
compared to the adaptation of the world technology in early stages of technological
development. The own technological level is too low compared to the technological level at
the world technological frontier so that the outsourcing strategy leads to a lower technological
level compared to the vertical integration strategy. With the technological development of an
industry, the own technological level compared to the technological frontier grows and the
innovation of the own technology becomes more profitable in terms of the technological
level. The growth rate of outsourcing industries is, as illustrated in Figure 1, higher during the

convergence process than the growth rate of vertically integrating industries assuming that for



all industries the growth rate of the world technological frontier is equal for all industries.*
This theoretical prediction for the effects of industry structure will be tested in the following
empirical analysis while the second prediction of the model, a lower technological level of
vertically integrated industries relative to the world technological frontier will not be tested in
the subsequent analysis.

Outsourcing and productivity — benefits of holistic organization
A second complementary theoretical argument for an effect of outsourcing activities on an
international level on productivity growth is incorporated in the organizational literature.
Lindbeck and Snower (2000) deliver in their article an explanation of the positive effects of
outsourcing on productivity by arguing in favor of a holistic rather than a tayloristic
organization. The factors favoring a holistic organization include changes in production
technology, information technology, in human capital and in worker preferences and occurred
during the last decades. The shift of the economic environment on firm level in favor of a
holistic organization of tasks could also principally occur on the industry level and lead to
productivity advantages for those industries which pro-actively reorganize their production
process according to the changes mentioned above (cf. Jarillos, 1993, and the success of the
Toyota manufacturing which led a whole industry reorganize the existing production process
towards a more holistic organization). Industries which actively reorganize the production
process and decrease their share of value added of the gross output should be able to realize
the merits of a holistic organization and experience therefore a higher productivity growth
while they outsource a part of their share of the value chain. This conjecture will be tested
during the subsequent analysis, estimating the effect of the industry structure on productivity
growth.

A more drastic reorganization of the organizational structure of an industry is also likely to
occur with the establishment of new supplier links (which are likely to go along with a higher
share of international intermediates inputs since a globalized economy relies more on
international cooperation and specialization of economies) which is the reason why the
estimation approach controls also for the intermediate input mix with regard to the country of
origin of the intermediate inputs. A higher share of international intermediate inputs of all
inputs could therefore be accompanied by a higher productivity growth not only because of an

more drastic organizational change towards a holistic organization but also because of

4 Acemoglu et al. (2003) show that the steady state growth rate of outsourcing and vertically integrating
industries are equal and that they differ with respect to their relative technological level compared to the world
technological frontier.



specialization advantages of industries within an international production network of
industries (economies). Both effects point in the same direction, are closely linked and cannot
be separated in this kind of analysis. The analysis aims therefore mainly to analyze the effect
of international cooperation of industries but does not identify one single reason for the
effects of international cooperation on TFP growth.

As the reorganization of the production process takes some time and is likely not to be
completed and fully effective in the year the outsourcing occurs, it seems to be plausible to
assume that the effects of outsourcing on industry productivity occur possibly with a time lag
and a longer period, which is considered in the following econometric analysis.

Summarizing the conjectures of the theoretical section, it can be concluded that the
outsourcing activities of parts of the value chain of industries should positively affect the
productivity growth of industries suggesting positive productivity effects of a development of,

e.g. the German economy, towards a “Bazaar economy” (Sinn, 2005).

4. Data and TFP calculation

Productivity analyses are always only as good as the data which is employed and the method
which is used to calculate the productivity of an industry. The following section presents the
data which is used for the productivity analysis and introduces the computation method for
the TFP calculations which are used in the subsequent econometric analysis.

Ifo Productivity Database

The basic database used in this paper is the Ifo Productivity Database which offers detailed
information on the productivity development of the German economy.5> According to the
author’s knowledge, the Ifo Productivity Database is the only database which allows a
detailed industry-level growth accounting analysis using the gross output concept for
Germany. An advantage of the database is the long time period it covers (1971-2000) and the
detailed information it provides on the two digit industry-level according to the NACE
classification.® A unique feature of the database and one of the most important strengths of it
is the inclusion of intermediate inputs as domestic and international intermediate inputs. The
distinction of intermediate inputs according to the country of origin of intermediate inputs

allows to compute the input contribution of intermediate inputs for domestic and international

5 A detailed description of the database is given in the appendix and in more detail in Fuchs and Kuhlmann
(2005).

6 Before 1990, the database uses a different industry classification according to the Wz 79 Classification of
the German Statistical Office.
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outsourcing activities and offers the possibility to analyze the importance of international
outsourcing for industries measured as imported share of consumed intermediates.
Additionally to this feature the Ifo Productivity Database offers industry-level capital stocks
distinguished according to investment assets which is for Germany a unique feature and quite
rare in the world.” The database provides also data on labor inputs and the gross output of
each industry. Using the detailed information of the database, we get with the above specified
growth accounting formula the TFP growth rates of each industry and the industry level

contributions of each input sector for the 1971-2000 time period.

Growth Accounting Framework

For the following empirical analysis of the effects of various input factors on the TFP growth
rates, the paper relies on the growth accounting framework as described in Jorgenson and
Stiroh (2000). The gross output concept, which is employed in this analysis, was shown to be
preferable for industry-level productivity analyses since it includes also intermediate inputs in
the production function and is less plagued by biases introduced by an exclusion of this
important production factor (Jorgenson et al. 1987, Sichel 2001) due to the fact that it does
not account for disembodied technological change.

The basic growth accounting equation can be regarded as a general specification of the
production function of the AAZ model (3.1). The only extension of (3.1) is that the
formulated production function allows for an influence of industry structure and intermediate
input mix on the productivity level 4; of an industry resulting in the following production

function:

Qit — Ait . K:Kir . [ Vi INTitvm . M;m (41)

it
with Q; as gross output in industry i during period ¢, L; as labor inputs in industry i in
period t, K, as capital stock in industry i at period t, and INT; and M, as national and
international intermediate inputs of industry i in period t.
Logarithmising both sides of (4.1) and first differencing the expressions, the basic growth

accounting equation of the gross output concept can be written as:

AlnY, =viAlnL, +vsAInC, +vi AlnM, +veAlnl, + ATFP 4.2)

»i?

7 According to the authors, this feature offer only databases for the US and UK and is not published by the
German Statistical Office for the German Economy.
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The residual of the equation is often referred to as the Solow residual or total factor
productivity TFPy;. TFPy; is gross output total factor productivity and can be written as a

function of the output less the input contributions:
ATFP, = AlnY, =viAlnL, —viAInC, —vi AlnM, ~viAln1,. 4.3)
with v_” representing the input shares of each industry i (calculated as cost shares) in
period t which fulfill under constant returns of scales and perfect competition the following
condition: \_/i +\_z§ +\_/,f +;,It =1.8
To get unbiased calculations of the TFP growth of industries it is a necessary condition
that these two conditions hold which is a strong assumption given the fact that various studies
deny that the conditions hold in reality (cf. Flaig and Steiner, 1993 who show for a sample of
German manufacturing industries from 1965-1986 that the constant returns to scale
assumption is violated in the analyzed sample). It is therefore necessary that in the following
econometric analysis of the determinants of TFP growth a strategy is used which controls for

possible violations of the constant returns to scale assumption and the perfect competition

assumption.

5. Econometric analysis

The emphasis of the estimation in this study lies on the impact of industry structure and the
intermediate input mix as a measure of international integration on TFP growth. As
mentioned above, the underlying production function allows for an influence of industry
structure and intermediate input mix on the TFP growth assuming the following relationship
between A4;,, INTSHARE; (the ratio of the value of consumed intermediates for production
over the value of gross output and can be seen as an indicator of the degree of vertical
integration of an industry 1), INTCHANGE; (the change in intermediates consumption over
gross output in industry 1 from period t-1 to t), IMPSHARE; (the ratio of imported
intermediates over total intermediate input of an industry i in period t) and IMPCHANGE (the
change of IMPSHARE from period t-1 to t in industry 1):

4 —e Bi-INTSHARE; ,-B,-INTCHANGE, ,-f5-MPTSHARE; ,-,-IMPCHANGE; , (5.1)
it : :

This particular specification of the productivity function 4;, allows for an influence of

intermediate inputs on TFP growth if the contribution of the input factor changes

8 The costs shares of labor and capital are calculated using the labor services and capital services flows of
each industry as proposed by Jorgenson and Stiroh (2000).
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disproportionately compared to the other input factors. Equal changes in the input
contributions of all factors which do not change the production technology but only the
amount of inputs used in this process are assumed to be irrelevant for the production
technology A in this scenario.

The remaining part of this section develops the econometric approach to estimate the
determinants of productivity growth and discusses econometric issues related to the
estimations and presents thereafter the results of the estimation series.

Estimation approach
Empirical estimations of the determinants of TFP growth are accompanied by several
empirical issues which need to be considered in the estimation strategy of the determinants of
TFP growth. The two most severe problems are possible measurement errors in the
explanatory and independent variables and possible violations of the assumptions underlying
the growth accounting framework, i.e. the perfect competition assumption and the constant
returns to scale assumption which are below discussed for their relevance.

Econometrical issues
A major task for any empirical estimation of the relationship of TFP growth is how
measurement errors in any of the input contributions could influence the TFP growth
contributions. In Appendix C, the TFP regressions which are used in this setting are derived
using simple matrix algebra, showing that the TFP regressions are basically restricted
productivity growth regressions which assume constant returns to scale for all input factors.?
This means that TFP growth regressions are not more or less plagued by mismeasurement of
exogenous or dependent variables than ordinary output growth regressions using output
growth as dependent variable. But the remaining issue is still in how far measurement errors
could bias the estimates of the TFP growth regressions. If measurement errors are not
systematically correlated with the exogenous variables, the TFP growth estimates are still
consistent but suffer from inflated standard errors which impose with regard to the inference
of the coefficients a tendency to over reject coefficient estimates in statistical tests. In contrast
to no systematically correlated measurement errors, systematically correlated measurement
errors result in a bias of the coefficients of unknown form which is more severe than the
inference problematic. The critical question for this issue is therefore to what extent the data

suffers from systematically correlated measurement errors. The basis of the data used in this

9 The TFP growth regressions which are undertaken in section 5 are identical to output growth regressions
with no constant returns to scale. One reason why the author choose TFP regressions is the fact that this concept
is widely used for productivity analyses and allows comparing the numbers for Germany with other countries.
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analysis is taken or derived from official data published by the German Statistical Office
(StBA) and it seems unlikely that official data suffers systematically from a measurement
error of unknown form over a time period of 30 years. A second argument for no
systematically correlated measurement errors is the fact that the econometric analysis uses
growth rates instead of levels as dependent and explanatory variables. Time persistent
measurement errors in the levels of the explanatory variables will not show up in first
differences so that this problem seems to be less relevant for the following econometric
analysis.!0

Another issue for the econometric analysis are violations of the constant returns to scale
assumption and the perfect competition assumption of the growth accounting framework. The
estimation approach controls for violations of the constant returns to scale assumption by
allowing every input contribution to have a different effect on output and not restricting the
sum of all value shares to one.!! The violation of the perfect competition assumption cannot
be controlled for by the data used by the inclusion of indicators for the competition intensity
in an industry since these are not available in the used dataset. The strategy to deal with that
problem is instead a fixed effects estimation approach. The fixed effects control for industry-
specific effects and can hence account for systematic industry differences in the competition
intensity and their effects on TFP growth. Possibly time-varying changes in the competition
level are assumed to influence all industries in a similar way and are controlled for by
including a common time trend in the estimation.

Estimating the effects of industry structure on TFP growth
The estimation strategy described above leads finally to specification (1) which is an OLS
estimation equation of the following form:

ATFP, = f,, + p, - INTSHARE, + f3, - INTCHANGE + 3, - IMPSHARE,, + f3, - IMPCHANGE,

Bs- X, + B - IDUMMY + B, -TIME + ¢, (5.1)
This estimation equation resembles a two-step estimation approach due to the fact that it

uses the Solow Residual of equation (4.3) as independent variable, but is nevertheless

10 There is still the possibility that the first difference of the variables are plagued by measurement errors
which are systematically correlated the dependent variable over time. But I can hardly imagine any measurement
error which is persistent over time and shows up in first differences.

T This procedure leads finally to an estimation approach which is equal to an estimation approach of the
output growth Aln Y;; of an industry in a one step estimation, allowing for non-constant returns to scale of the
input contributions to output growth. The TFP growth regressions in this study are therefore regressions on TFP
growth which account already for economies of scale and differ therefore from the Solow residual which
assumes constant returns to scale.
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equivalent to a one-step estimation procedure of output growth with non-constant returns to
scale as shown in Appendix C.!12
The variables in the estimation equation are ATFP,; as the TFP growth rate of
industry i in period t, INTSHARE; as the ratio of the value of consumed intermediates for
production over the value of gross output and can be seen as an indicator of the degree of
vertical integration of an industry, INTCHANGE; as the change in intermediates
consumption over gross output in industry i from period t-1 to t, IMPSHARE;; as the ratio of
imported intermediates over total intermediate input of an industry i in period t and
IMPCHANGE as the change of IMPSHARE from period t-1 to t in industry i. To control for
non-constant returns to scale in the production function, the input contributions are added as a
matrix of control variables Xj; for each industry 1 in period t. Furthermore, the estimation
equation controls also for a time trend (TIME) and industry-specific effects (IDUMMY) and
assumes that the error term ¢; i1s a white noise error term and distributed with (0;0).
Specification (2) is a static fixed effects panel data model and estimated according to the

following estimation equation:

ATFP, —ATFP,, = 3, -(INTSHARE, — INTSHARE:) + 3, -(INTCHANGE, — INTCHANGE})
+ B, -(IMPSHARE, — IMPSHARE) + f3, - (IMPCHANGE, — IMPCHANGE;)
+ By (X, = X)+ B, -TIME + (s, —&:). (5.2)

The fixed effects model which is in most regressions specifications preferable to the
random effects model (and hence also the between effects estimator)!3 delivers the within
effects estimator and utilizes the time-varying component of changes of the explanatory
variables. The estimates of this model can therefore be seen as the short-run effects of
changes in the industry structure and are the relevant estimators for the data given the relative
short time-period utilized in this sample (Mundlak, 1978).

But this estimator is still sensitive to dynamic misspecifications and heteroskedasticity of
the error term, which is the reason why in the next step auto-correlated panel techniques for
first order serial correlation, panel-specific correlation and panel specific heteroskedasticy
following Prais and Winsten (1954) are employed for the estimation of the effects of the TFP

regression

12 The estimated coefficients of industry structure variables and intermediate input mix variables are equal,
only the coefficients of the input contributions differ in the regressions with Brep=Boupue-1. This is the case due
to the fact that the TFP growth or Solow-residual is computed as the difference between output growth and the
input contributions to output growth.

13 The Hausman test which is reported in the tables evidences that.
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Specification (3) allows for dynamic effects of shocks of the error term and utilizes an
AR(1) panel estimator, assuming that the error term can be serially correlated of first order
eu=peir.1Tu; with u;, as an independently identically distributed (iid) white noise error term.

Specification (4) accounts for panel-specific correlation and heteroskedasticity in a Prais
and Winsten estimation, relaxing the iid assumption of the error term of the AR(1) panel
estimator and allowing for panel specific heterogeneity with a variance-covariance matrix of

the following form:

e EE

i

But still, static panel estimators suffer from an estimation bias if the impact of industry
structure and intermediate input mix have a dynamic impact which is realized over a time
period. To account for the dynamic nature of the influences of the explanatory variables over
time, the impact of industry structure and intermediate input mix on TFP growth are estimated
in a dynamic model in specifications (5)-(7):

ATFP, =c,+f,ATFP, ,f,-INTSHARE, + 3, - INTCHANGE, + f3, - IMPSHARE,
+ B, - IMPCHANGE, + f3, - X, + B, - IDUMMY + B3, - TIME + ¢, (5.4)

The dynamic panel data model cannot be consistently estimated with an OLS estimator or
a fixed effects estimator due to the fact that the lagged dependent variable is correlated with
the error term ¢;,. A solution to this problem was proposed by Arellano and Bond (1991),
Arellano and Bover (1995) and Blundell and Bond (1998) who have shown that (5.4) can be
consistently and efficiently estimated using first differences which leads to the following
estimation equation
ATFE —ATFE =p,-(ATFE —ATFE )+p,-(INTSHARE-INTSHARE))

+ [, -(UINTCHANGE,, — INTCHANGE,, )+ 3, - IMPSHARE,, — IMPSHARE , ,)

+ B, - (IMPCHANGE, — IMPCHANGE, )+ B (X, - X, )+ &, —¢€ (5.5)

-1 >
using the lagged first differences of the independent and dependent variables, as well as
the lagged levels, as instruments in a system GMM approach.

The dynamic system GMM estimator proposed by Blundell and Bond (1998) requires for
its consistency a lack of second correlation, which is reported in the tables below and a valid
Sargan over identification test. The advantage of the Blundell-Bond over the Arellano-Bond
estimator results from the fact that it uses the lagged levels and first differences of the
explanatory variables and dependent variables in a system approach rather than just

instrumenting the explanatory variables by their lagged levels and differences. This procedure

16



results in a system GMM approach for the estimation of the effects and was shown to be more
efficient and less plagued by biases, also with respect to small samples, which is the reason
why it is used in this application.

Results

This section presents the results of the above described estimation equations beginning
with the results for the West German economy and the time period from 1971 to 1990 and is
followed by the results for Unified Germany for the time period from 1991 to 2000.14 The
results of the all industries sample are reported first and then compared in a sensitivity
analysis to the results for selected sub samples of industries.

Industry structure and TFP growth

The OLS regression of the effect of industry structure on TFP growth in table 1a illustrates
that in the period from 1971 until 1990, the industry structure was of great importance for the
productivity growth potential of an economy. The estimated effect of the industry structure, as
measured as percentage of intermediate input consumption of gross output of an industry, is
0.08 and statistically highly significant for the OLS regression. After controlling for industry-
specific effects in a fixed effects panel estimation, which utilizes the time-varying
components of the industry data, the effect prevails statistically highly significant in a similar
magnitude compared to the OLS regressions ranging around 0.05 for the estimated effect of
industry structure INTSHARE on TFP growth, providing evidence for beneficial effects of a
vertically disintegrated industry structure on TFP growth for 1971-1990 period. The
beneficial effects of vertical disintegration are also evidenced in the dynamic system GMM
estimation which controls for a dynamic impact of INTSHARE on TFP growth. The effects of
TFP growth in this specification were found to be statistically significant at the one percent
level and with an estimated value of 0.04 in both specifications. This result suggests that
industries which have a one standard deviation higher share of intermediates input over gross
output experienced during the 1971-1990 period a 0.6 percentage points higher TFP growth
which is twice the average annual industry TFP growth rate for the 1971-1990 period.

For the period from 1991 until 2000, the effect of industry structure on TFP growth is
during most specifications statistically insignificant. This result is an indication for the
conjecture that the German economy could have already reached a steady state equilibrium
for the majority of its industries. The reason why there is no longer an effect of industry

structure on productivity growth is that even industries, which decided not to vertically

14 The division of the sample into two time periods is owed to a change in industry classification and the
German reunification in 1990 which make it impossible to obtain a 30 year time period from 1971-2000.

17



disintegrate and are potentially caught in a convergence trap, would experience in steady state
the same growth rate compared to vertically disintegrating industries and stay relative to the
world technological frontier in a stable position.!3

A second interesting issue concerning the industry structure is what influence do changes
in industry structure exert on TFP growth. Of special importance is hereby whether vertically
disintegrating industries experience positive short run effects of outsourcing or whether
potentially detrimental effects like e.g. adjustment costs overweight the beneficial potential of
outsourcing. For the 1971-1990 period, the OLS estimation delivers a statistically significant
estimated effect of INTCHANGE of 0.16 and an estimated effect. The static panel analyses
confirm that the magnitude of the estimated effect of INTCHANGE varies around 0.16 and
that the effect is statistically significant at the one percent level. The dynamic system GMM
regression estimates the effect of INTCHANGE for the 1971-1990 period somewhat smaller
with 0.145 which would correspond to an increase of TFP growth by 0.003 for a one standard
deviation increase of INTCHANGE illustrating once more the positive potential of vertical
disintegration during this period.

For the 1991-2000 period, the effects of changes of industry structure INTCHANGE on
TFP growth are for all estimations positive but fail to be statistically significant at the ten
percent level in all regressions. It seems therefore to be the case that changes in the industry
structure did not play an important role as determinants of productivity growth in this period
which indicates that either the adjustments costs of changes of industry structure are
offsetting the benefits or that the changes in industry structure are non-systematic changes
and not related to a convergence process and have therefore no impact on TFP growth.

Intermediate input mix and TFP growth
Another point of interest with regard to the use of intermediate inputs and their influence on
TFP growth is the effect of the intermediate inputs mix of domestic and imported
intermediates. As argued in section 4, it is possible that international outsourcing activities
can have a positive effect on TFP growth if they promote holistic production networks in a
more favorable way than national outsourcing activities.

The econometric analysis of the intermediate input mix IMPSHARE on TFP growth for
the 1971-1990 period delivers mixed results for different estimation approaches with varying
results both in magnitude and sign of the estimated effects. While the OLS estimation delivers

a very small insignificant effect, the static panel analyses show in general a pattern of

15 Cf Acemoglu et al (2003).
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statistically significant negative effects of a higher share of imported intermediates input on
TFP growth. But this negative effect of IMPSHARE is not supported in the dynamic system
GMM approach which controls for dynamic influences of the explanatory variable.
Concluding it can be said that the results of the estimation series delivers for the effects of
IMPSHARE a mixed picture suggesting in tendency statistically insignificant effects and
hence an irrelevance of the intermediate input mix on TFP growth of industries ion the 1971-
1990 period.

But the picture totally changes if we take the changes of the intermediate input mix
IMPCHANGE into consideration. The estimated effect of the OLS regression of the
intermediate input mix changes show a highly statistically significant effect of about 0.20.
This result is reinforced by the results of the estimated effects of the static panel regression
series which are of similar magnitude during the specifications and statistically significant at
the one percent level. Only the dynamic system GMM estimations fail to deliver statistically
significant effects, even at the ten percent level, but deliver results of the effects of
IMPCHANGE which are of the same magnitude as the estimated OLS and static panel effects
and differ only by more imprecise estimations of the coefficient estimates and larger standard
errors. It can be therefore concluded that the estimates of IMPCHANGE are in tendency an
evidence of the positive effects of a higher share of intermediated inputs on TFP growth,
which is in favor of the holistic organization hypothesis mentioned in section 4. The
substitution of domestic intermediate inputs by imported intermediate inputs seems in the
analyzed sample not to depend on the level of the ratio of intermediate inputs rather on the
changes of the intermediate input mix. This could be interpreted as evidence that the
hypothesis that international outsourcing increases the TFP growth rate is true if the
intermediate input mix is changed which could be caused by organizational changes of an
industry. In contrast to the industry structure, the analysis shows no permanent significant
effect of a change in the intermediate input mix once a higher share of imported intermediates
inputs is realized which suggest that the changes of the intermediate input structure are only
effective for the time period of the change.

For the 1991-2000 period, the estimated effects of intermediate input mix on TFP growth
are mixed with a positive effect of the level of the share of the intermediate input mix
IMPSHARE. This positive effect of IMPSHARE is statistically significant at the five percent
significance level for the static panel analyses with an estimated effect of 0.25. But the
statistically significant positive effect vanishes as soon as the Prais-Winston regression result

and the results of the dynamic system GMM are taken into account which calls for a
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discussion which results are reliable and which ones are not reliable. With regard to the OLS
estimation, it is plausible to rely on the estimated effects of the static panel data analyses
which utilize the time-varying components of the data to estimate short-run effects of the
intermediate inputs share. But still the static panel analysis could suffer from a dynamic
misspecification (of the error term) for which the Prais-Winston estimation of the static panel
data gives some evidence. It is therefore reasonable to rely with regard to the interpretation of
the estimated effects on the dynamic system GMM estimation which accounts for the possibly
dynamic influence of IMPSHARE and uses a system GMM approach to correct for potential
estimation biases caused by endogenous variables. Summarizing the results for the 1991-2000
period, the study does not find any significant effects IMPCHANGE on TFP growth
suggesting that for the analyzed periods changes of the intermediate input mix had no effect
on the TFP growth potential of an industry while the level of IMPSHARE had in tendency
positive effects which fail to be statistically significant in all specifications.

Sensitivity analyses of TFP growth

This section is intended to complement the previous sections by providing further evidence
on the effects of industry structure and intermediate input mix and TFP growth for different
industries.

Manufacturing industries

For the sub sample of manufacturing industries, the estimation series delivers for the
estimated effects of industry structure on TFP growth results which are comparable with the
results of the all industries sample used during the previous regressions for 1971-1990. The
effects of vertically disintegrating industries seem therefore to be relevant for manufacturing
industries both with respect to the level of industry structure INTSHARE and changes of
industry structure INTCHANGE and confirm the conjectured positive effects of industry
structure on TFP growth for manufacturing industries. The effects of an increase of changes
of industry structure are hereby only partial effects which should, for a comprehensive
interpretation of the effects of changes of industry structure on TFP growth, take also the
estimated effects of a higher share of intermediate inputs over gross output INTSHARE into
account. The indirect effect of increases in INTCHANGE by one standard deviation over a
time period of ten years would result in an increase of 0.8 percentage points of TFP growth in
the subsequent years, illustrating the permanent potential of changes in industry structure
after an adjustment period.

The effects of changes of the intermediate input mix IMPCHANGE on TFP growth are for
the manufacturing sub sample 2.5 times bigger than the estimated effect of the all industry
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sample suggesting a positive, statistically highly significant effect of 0.5 on TFP growth for
changes in the intermediate input mix of industries. This result is not surprising when we
consider the fact that the beneficial effects of holistic organizations shall be mainly relevant
for manufacturing industries which produce goods rather than services and have therefore the
opportunity to vertically disintegrate a larger part of their production chain compared to
service industries whose share of value-added of the gross output of an industry is on average
higher. The estimated positive effect of vertical disintegration of 0.5 corresponds to a 1.05
percentage points increase of TFP growth for a one standard deviation increase in the
IMPCHANGE, implying a huge potential for productivity increases for an industry,
especially for TFP growth calculations using the gross output concept. This one standard
deviation increase over a time period of ten years corresponds to an increase of the share of
intermediate inputs of gross output of 21 percentage points corresponding to an increase of
IMPSHARE by approximately 1.7 standard deviations which illustrates how drastic the
supplier linkages must change to realize the potential of efficiency gains of international
outsourcing.

For the 1991-2000 time period of the manufacturing sub sample, the estimated effects
industry structure on TFP growth are statistically insignificant suggesting that for the 1991-
2000 period changes in industry structure were irrelevant for the TFP growth path of an
industry. This result could be interpreted as evidence for the suspicion that the German
manufacturing industries had converged until 1990 to their long-run steady state equilibrium
so that the industry structure and changes in the industry structure do no longer affect the
productivity growth of an industry.

But unlike industry structure, the estimation results of the effects of intermediate input mix
on TFP growth for 1991-2000 show a positive, statistically significant effect of IMPSHARE
on TFP growth for the dynamic panel analysis and in tendency positive but insignificant
effects for the static panel estimations. The estimated effect of IMPSHARE of the dynamic
system GMM approach ranges around 0.035 (and is statistically significant at the 5 percent
level) corresponding to an increase of 0.5 percentage points of TFP growth for a one standard
deviation increase of the share of imported intermediate inputs of all intermediate inputs. This
shows that for the 1990s the productivity growth potential depended on the level of the
intermediate input mix rather than on changes of the intermediate input mix indicating that
this period was beneficial to those firms which had in the previous period undertaken efforts
to change their intermediate import mix. Changes of the intermediate input mix of industries

offer according to the results no direct gains for TFP growth potential but only indirect gains
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through a higher share of intermediate inputs in the subsequent years, implying implicitly that
other factors, like e.g. adjustment costs offset the potential benefits of changes of the
intermediate input mix in the short run.

Service industries

The services industries sub sample for the 1971-1990 period delivers mixed results for the
estimated effects of industry structure and intermediate input mix. The estimated effects of
intermediate input mix for services industries are in tendency statistically insignificant for the
panel analyses but consistently negative for IMPCHANGE providing weak evidence for
negative effects of international outsourcing activities in the service sector. The estimated
effects for IMPCHANGE fail to be statistically significant in the dynamic system GMM
estimation, so that the estimated effects of the static panel estimations should be interpreted
with caution especially when we consider the result that the dynamic system GMMM
estimation suggests a dynamic misspecification of the static panel model with a statistically
significant lagged dependent variable.

The results of industry structure on TFP growth are in contrast to the intermediate input
mix less mixed and provide evidence for a statistically significant, positive effect of changes
in industry structure towards a vertically disintegrated industry for the 1971-1990 period for
services industries. The estimated effects of the static panel analyses and the dynamic system
GMM estimation range around 0.18 indicating that a one standard deviation increase of
INTCHANGE results in an increase of 0.3 percentage points of TFP growth for these
industries. This illustrates that vertical disintegration of industries was also for services
industries during the 1971-1990 period a potential source of a higher TFP growth rate and
that the positive effects of vertical disintegration was not limited to the manufacturing
industries.

For the 1991-2000 period, the results deliver no clear trends for industry structure and
intermediate input mix on TFP growth suggesting that the convergence of German services
industries has already taken place until 1990 and confirming the results of the 1971-1990
period for service industries with respect to the irrelevance of intermediate input mix on TFP

growth.

Conclusions

This paper attempts, to the author’s knowledge for the first time, an analysis of the effects
of industry structure and intermediate input mix on TFP growth on the industry level. The

analysis reveals the positive potential of vertical disintegration of industries for both
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manufacturing and services industries. The results suggest that during a convergence period
vertically disintegrated industries possess a comparative advantage over vertically integrated
industries in terms of the productivity growth potential. After the completion of the
convergence to the technological frontier, the industry structure plays a minor role for
productivity growth confirming the theoretically derived conjectures by Acemoglu et al.
(2003) with respect to industry structure and productivity growth of industries.

Another interesting result of the study is the relevance of the intermediate input mix for the
productivity potential of an economy. While during the convergence period, the changes in
the intermediate input mix affected the productivity potential of an economy, the situation
changed after the completion of the convergence process of an industry. In this period the
share of imported intermediates of all intermediate inputs mattered for the productivity
growth of an industry, especially in the manufacturing sector, implying permanent and
substantial effects of international cooperation.

It can be concluded therefore that economies should try to promote international
cooperations of industries (and hence also firms) to realize the productivity potential of a
higher degree of globalization. Interestingly the higher level of specialization seems only
permanently possible on the international level. In contrast to domestic outsourcing activities,
international outsourcing activities lead to a higher productivity potential even after the
completion of the convergence process to the world technological frontier which can either be
explained by specialization advantages in an international production framework of
industries, differing factor costs in foreign countries or the opportunity to revolutionary
change the production process and organization of inter-industry networks which is only
hardly possible on the national level since the persistency of existing supplier linkages allows
mainly for evolutionary changes and innovations of the organizational form of an industry
which can be especially detrimental in an economic environment which experiences a
comparative advantage change from a tayloristic to a holistic organization of the production

process.
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Appendix B

Variables and data sources of the Ifo Productivity Database

Capital stocks and capital service flows

The capital stocks and investment data used for the capital services flows calculations are
taken from the Ifo Investorenrechnung Database. The Ifo Investorenrechnung Database
provides industry- and asset-specific capital stocks data for 1970 until 1990 for West
Germany. From 1991 onwards, the Ifo Productivity Database computes industry- and asset-
specific capital stocks according to the perpetual inventory method:

S =S, a=8,)+1,, (6).

Sij 1s hereby the capital stock in industry 1 of the investment asset j in period t. I;;; is the
corresponding investment in industry i of investment asset j in period t and 6;; is the industry
and asset specific depreciation rate which is unique to our knowledge. Both the investment
data and the depreciation rates are taken from the Ifo Investorenrechnung Database which
bases these data on the official series taken from the German statistical office and computes
hence the industry- and asset-specific distribution as explained in Appendix A1.16

For the capital services calculations, the Ifo Productivity Database parallels the method in
Jorgenson and Stiroh (2001). Capital services K;;; of asset j in industry i during period t are
assumed to be proportional to the average capital stock used in one sector with q;; denoting a
constant of proportionality. The capital services are therefore a function of the capital stock at

the end of the current period and beginning of the current period.

t,j,t—l)

+ S,
2

(s

Lt

K., =4, (7).

In the next step, we compute the costs of capital based on an arbitrage condition for
capital services. It is assume that an investor is indifferent whether he invests his money at the
capital market and earns an nominal interest r; for his investment or whether he invests in an

asset j in industry 1 in period t and earns a rental fee c;;; less the depreciation §;; of the asset.

(1 +7 )Pi,j,t—l =C T (1 - 5[,_/‘ )Pi,j,t (8)

16 The Ifo Investorenrechnung bases in contrast to the German Statistical Office the classification of assets
on an economic usage based concept.
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Rearranging the arbitrage condition yields the familiar cost of capital equation:

Ciiu = (rt — 7 )P +6 P 9)

i,j.t Lj7 gt

where the industry and asset-specific capital gains m;j; in period t are given by the percentage

change of the asset prices in industry i during period t:

Ziji = (P

i)t

-P

i,j,t-1

JP,. (10)

The cost of capital equation in its final form states that the costs of capital of asset j in
industry i in period t equals the difference between the nominal interest rate and the capital
gains of the asset weighted by the industry- and asset-specific price deflator plus the asset and
industry-specific depreciation of the asset weighted by the industry- and asset-specific price
deflator. The major advantage of the use of industry- and asset specific price deflators and
depreciation rates is that this method needs less rigid assumptions for the calculation of the
costs of capital. The cost of capital data which is computed using this method are therefore
closer to reality compared to only asset-specific price deflators and depreciation rates which
are usually taken for growth accounting exercises (Jorgenson and Stiroh 2000). The use of
this method was only possible for our purposes due to availability of the Ifo
Investorenrechnung Database which is according to out knowledge the only database which
offers such high quality data on industry-level for Germany.

Additionally to changes in the capital stock, our database includes also changes in the
composition of the capital quality as a determinant of output growth. The capital quality
component shall account for a shift of the capital stock composition over time towards higher
quality assets with high rental prices and high marginal products and for non-steady state
movements of the capital stock towards a steady state.

For this purpose, we have first to calculate the value shares of capital income of asset j in
industry 1 in period t. The value share of capital services v, for asset j in industry t in period t
bases on the rental price formula and is a two year average of the current and the prior period

of the share weighted capital income of asset j in industry i:

1 ¢ Ki + Ci i1 Kijim
gt T A >
2 Z ¢ K Z Ci it Kijim
i i

similarly we calculate the investment price based weights w;;; for the sectoral and asset

1%

specific capital stocks as two year averages of the current and prior period and share weighted

value shares of the capital stocks of asset j in industry i:
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1 pi,j,tSi,j,t + pi,j,t—lSi,j,t—l
it A
2 zpi,j,tSi,j,t zpi,j,t—lSi,j,t—l
i i

These two derivations are used in the next step to construct an index of capital quality qk it

w

which is assumed to equal the difference between the growth of capital services and the
capital stock for industry 1 in period t:
S+, S +S. .,
Aln qK,i,t =Aln Ki,t —A IH(MTM_IJ = Z (vi,j,t — Wi,j,t % h’l[wfw] .
J
For aggregate growth account ting, we construct also the price indices of aggregate capital

services c; ant the value shares of the capital stock ps; as:

chi,j,rKi,j,r
_ T

, and
K

C

t

ZZPi,j,tSf,j,z
_

S

Ps,

t

Labor input and labor services flows

The labor input calculation parallel the method of the capital input calculations.

The flow of labor input is assumed to equal the flow of hours worked for worker category ]
in industry 1 in period t:

L, =q..;-H,,.
The growth of the labor input in industry 1 is the share-weighted growth of labor input by

each worker category:

AlnL, =Y v, AlnL,_,
J

and respectively for the aggregate economy:

AlnL, =>>v, AlnL_,

J
where the weights are value shares of labor income of worker category j in industry i in

period t:

1 WiaLi . WijaaLijia

Viji =5 +
2 Z WiaLi . Z Wi jaaLi jo
i i
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The labor quality index is defined as the difference between the share-weighted growth of
labor hours and the unweighted growth of labor hours yielding to the following formulas for a

labor quality index on the industry level:

Alng,,, =Y v, AlnH, —AlnH,,
J

and on the aggregate level:

Alng,, =>>v, AlnH , —AlnH, , .
i

Real gross output and real gross input calculations

For the sectoral growth accounting exercises using the gross output concept, it is necessary
to estimate real gross output and real intermediate inputs data since these are not provided by
the statistical office for 56 industries. In order to obtain data on the industry real gross output
and gross input, the Ifo Productivity database uses input-output-tables for the German
economy ranging from 1970 to 2000 and estimates the quantities in 1991 prices (respectively
in 1995 prices for the period from 1991-2000). The estimation procedure is basically the
following method. For 60 output goods and services, we have taken the price deflators from
the German Statistical Office and estimated the intermediate inputs in 1991 prices. To ensure
consistency of our data with the German Statistical Office, we scaled in the next step our
estimates to match the data by the German Statistical Office on the lowest available sectoral
level. Unfortunately the German Statistical Office does not provide such disaggregated data
as we wish, so that the within industry distribution of intermediate inputs are assumed to

equal the value-shares of our estimates

Viji
Z Vi
i

The illustrate the method, let’s assume that the German Statistical Office provides data for

Vijt = Vijit-

an aggregate sector j, but not for the specific industries i’s of which j consists. The quantity of
sector j in total intermediate input consumption as computed using the Input-Output-tables is
given by vj; and for the industries i belonging to j by v, ;,. For our purposes, we scale the
quantity of all industries i of sector j vj; to equal the quantity provided by the German
Statistical Office v;,. The distribution of the quantities within sector j is obtained by the

computation of the quantity of the intermediates consumption of industry i of sector over the
quantity of intermediate consumption by all industries 1’s belonging to sector j. This method

delivers results which are consistent with the data released by the German Statistical Office,

36



but allows for differing developments within sectors. Due to the fact that Input-Output-tables
are not published regularly, we employ the following method to impute the quantities of

intermediate consumption of industry i of sector j:
v ;« 1s once more provided by the German Statistical Office. To impute the missing values

vij., we assume that the vij; and also v;; follows a linear function with v;;.x and vj.i as

computed values using the latest available Input-Output-tables before t and vi;.m and vjw.m as

computed values using the closest years after t.

- V. . V. . V. .
i,j,t—k i,j,t+m i,j,t—k
+k-(

Viji =& — - R
Z Vi jak Z Viojaem Z Vi ji—k
i i i

For more detailed analysis of the importance the Ifo productivity Database provides

numbers on domestic and international intermediate inputs, which are computed using the
Input-Output-tables. The share of intermediate imports for each industry is computed after the
price deflation of the intermediate inputs. This share is multiplied with data on real gross
input, after the scaling of the Input-Output-data to the official statistics provided by the
German Statistical Office on real intermediate input quantities.

The imputation of this share of missing values due to a lack of available data of the Input-
Output-tables for the year is the same as described above.

The real gross output of an sector is computed as the sum of intermediates input and value-

added, as provided by the German Statistical Office.
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Data sources
For the period 1971-1990 the Ifo Productivity Database uses data for West Germany, for
1991-2000 we use data for unified Germany.

Capital stocks and capital service flows

Capital stocks and capital services flows are derived from the Ifo Investorenrechnung

Database (as described in chapter 3.1) and displayed in table 1.

Table A1: Data sources of capital inputs

Industry-level/

Variable Period Source
Aggregate

Capital Stocks, industry- and asset-specific | 1960-2000 Ifo Investorenrechnung Database
Investment data, industry- and asset-specific I 1960-2000 Ifo Investorenrechnung Database
Depreciation rates, industry- and asset-

I 1960-2000 Ifo Investorenrechnung Database
specific
Price deflators, industry- and asset-specific I 1960-2000 Ifo Investorenrechnung Database
All aggregate measures are the sum of the

A 1960-2000 Ifo Investorenrechnung Database

above industry specific data

Extrapolation of missing values

The capital stocks for 1991-2000 are capital stocks computed for Unified Germany. In
accordance to the method employed by the German Statistical Office, we assume that the
Eastern German capital stocks is totally devalued after the reunification.

Capital stocks and capital services flows for communication technologies and software are
not available for the years 1971-1990 due to changes in the systematics. To cope with this
problem we extrapolate the missing data (on the total economy level) using the following
procedure. First we calculate the ratio of the respective asset type to the aggregate for every
year where these data are available (1991-2000). Using the 10-year average and the trend-
growth of this ratio we extrapolate earlier values of it beginning in 1990 going backwards.
Then we multiply this approximated ratio with the respective aggregate value (which is
available) for every year in 1971-1990.

In order to test, whether this method is appropriate, we use this technique to extrapolate
values, which are available, namely computer hardware (business equipment). In this case of
hardware capital stocks the correlation between the extrapolated and the real data is

remarkably high with a coefficient of 99.59%.
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Labor Input

In our estimates of aggregate labor input (L) we again resort to data of O'Mahony and van

Ark (2003) CD-ROM (Groningen Growth and Development Centre, Industry Growth

Accounting Database: Labor quality). According to Jorgenson (2000) we derive changes in

labor input by: AInL=AInLO+AInH, where 4 In LQO equals labor quality (which is

growth in skill-adjusted labor input minus growth in total hours worked) and H is hours

worked as described in the respective subsection. Given that the series of labor quality covers

only the period 1980-2000, we extrapolate earlier values by using those of the 1980ies. These

values feature a relatively constant or non-volatile growth and thereby we assume for 1970-

1979 a growth in labor quality equal to the average of the later period (which is 0.46% every

year). All further sources in the context of labor inputs are depicted in table 2.

Table A2: Data sources of labor inputs

Industry-level/

Variable Period Source
Aggregate
Gross wage sum I 1991-2000 | GSO, DESTATIS 7728XXX
A GSO, DESTATIS 7614001
Employees and Self-employed workers I 1991-2000 | GSO, DESTATIS 7729XXX
A GSO, DESTATIS 7607004
Employees I 1991-2000 | GSO, DESTATIS 7730XXX
A GSO, DESTATIS 7616001
Hours worked I 1991-2000 | GSO, DESTATIS 7518XXX
A GSO, DESTATIS 7702012
GGDC, www.ggdc.net, based on
unpublished data received from
Labor quality . 1980.2000 German Statistical Office, originally
from the German Employment
Statistics and Wage and Salary
Statistics.
Gross wage sum I 1971-1990 | GSO, Fachserie 18, 2279XXX
A GSO, DESTATIS 7861085
Employees and Self-employed workers I 1971-1990 | GSO, Fachserie 18, 917XXX
A GSO, DESTATIS 7862085
Employees I 1971-1990 | GSO, Fachserie 18, 917XXX
A GSO, DESTATIS 7863085
Hours worked I 1971-1990 | GSO, time-series service, 4037XXX
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A See Footnote !7

3.2.1 Value Shares

The capital’s and labor’s average shares of nominal income (v;* and v;") are derived from the
respective capital services flows (csf) and the total wage sum. The csf originate from the Ifo
Productivity Database, for the calculation of the total wage sum we deflated (nominal) gross
wage sum (see table 2 and 3) and multiplied this series with the ratio of all wage earners
(employees and self-employed workers) to employees. Specific capital shares
(communication, hardware, software) are the ratio of the respective csf to total csf multiplied

by total capital share v;<.

Output, value added GDP

All Output measures that we use at the industry and aggregate level are displayed in table 3.

Table A3: Data sources of output and input data

Industry-level/

Variable Period Source
Aggregate
GSO, Fachserie 18, 863, own
Gross Output, in 1991 prices I 1971-1990 | calculations using Input-Output tables,

various issues

Gross Output, in current prices I 1971-1990 | GSO, Fachserie 18, 1486

GDP, in current prices A 1971-1990 | GSO, DESTATIS 7841005

GDP, in 1995 prices A 1971-1990 | GSO, DESTATIS 7841024

GDP deflator A 1971-1990 | Ratio of nominal to real GDP
GSO, Fachserie 18, 863, own

Intermediate Inputs, in 1991 prices I 1971-1990 | calculations using Input-Output tables,
various issues

Intermediate Inputs, in current prices I 1971-1990 | GSO, Fachserie 18, 1487XXX

Value-Added, in 1991 prices I 1971-1990 | GSO, Fachserie 18, 1496XXX

Value-Added, in current prices | 1971-1990 | GSO, Fachserie 18, 1495XXX
Own calculations using the gross

Price deflators for investment assets I 1971-1990 | output deflator at lowest available

level for periods prior to 1976 or

17 For 1970-1990 Hours worked at the aggregate level is a constructed time series, where annual hours per
worker are multiplied with the total number of employees. The basis of the former data is O'Mahony and van
Ark (2003) CD-ROM (GGDC, Total Economy Database: Hours), the one of the latter is the German Statistical
Office (DESTATIS 7862085).
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service industries, or data of
investment assets GSO, DESTATIS
7849X XX, 7846 XXX for 1976 and

later.
Gross Output, in 1991 prices I 1991-2000 | GSO, DESTATIS 7713XXX
Gross Output, in current prices 1 1991-2000 | GSO, DESTATIS 7716XXX
GDP, in current prices A 1991-2000 | GSO, DESTATIS 7601001
GDP, in 1995 prices A 1991-2000 | GSO, DESTATIS 7601002
GDP deflator A 1991-2000 | Ratio of nominal to real GDP
Intermediate Inputs, in 1991 prices I 1991-2000 | GSO, DESTATIS 7715XXX
Intermediate Inputs, in current prices I 1991-2000 | GSO, DESTATIS 7716XXX
Value-Added, in 1991 prices I 1991-2000 | GSO, DESTATIS 7712XXX
Value-Added, in current prices I 1991-2000 | GSO, DESTATIS 7711XXX
Own calculations using the gross
output deflator at lowest available
Price deflators for investment assets I 1991-2000 | level for service industries, or data of

investment assets GSO, time-series

service 1428 XXX
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Appendix C

Appendix C derives the a TFP regression as a function of an output regression and shows
that TFP regressions are restricted output regressions with basically the same coefficients on
the TFP contributions. The following section compares the consistency of the estimator of the
TFP regression with ordinary output regressions and shows that the derived TFP estimator is
a consistent and efficient estimator of the output function.

The (OLS)-estimator!8 of the output of the production function is

Y=Xf+e. (C.1)

and the identity of the growth accounting equation is

Y =X+TFP (C.2)

which leads to a stochastic expression for the total factor productivity with

TFP=Xf—-X+e

Y is the industry gross output growth and X is a matrix containing the input contributions
to output. S is the coefficient vector for the effectiveness of input contributions to gross output
and e is a stochastic error term. If all the assumptions of the growth accounting methodology
are fulfilled, we would expect that the coefficient vector for all inputs is equal to one and that
the constant terms equals the exogenous rate of technological progress measured by 7FP. The
interest of the study lies on the estimation of determinants of TFP growth and it is therefore of
interest to compare the TFP estimator with the output estimator with regard to consistency
and efficiency.

Consistency of TFP regression

(6.1) as:

Y=X[+TFP.

Solving for TFP:
TFP=Xp-X+e
and regressing X on 7FP leads to the following estimation equation:

TFP=XpB" +u.

18 The OLS estimator offers a convenient way to discuss the estimation approach while being still very
simple. The problems discussed for OLS can be extended for panel estimators without any loss of the
conclusions but for the sake of simplicity why we do not include the discussion for all estimation procedures
used in the estimation series.
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"= E[(XX)' X' (TFP)] = E[(XX) "' X'(XB - X +e)]
"= E((XX)TX'(XB) - (XX)TX'(X)+(XX) XEe]
C=pB-1+(XX) XE(e)

C_pel

Efficiency of TFP regressions

h) D ™ ™

The variance of the £ estimator is

Var(f) =s>(XX)™

The variance of the TFP estimator ,3 T st

Var(B") =Var[(XX) ' X'(XB - X +e)] =Var[(XX) ' X]

Var(ﬁ*) =Var(f)

The derivation of Appendix C showed that efficiency and consistency of TFP regressions
are identical to ordinary output growth regression with TFP regression coefficient estimates
as:

pr=p-1.

43






No.

No.

No.

No.

No.

No.

23

.22

21

.20

19

.18

17

. 16

15

.14

.13

12

Ifo Working Papers

Holzner, Chr. and A. Launov, Search Equilibrium, Production Parameters and Social Re-

turns to Education: Theory and Estimation, December 2005.

Siilzle, K., Stable and Efficient Electronic Business Networks: Key Players and the Di-
lemma of Peripheral Firms, December 2005.

Wohlrabe, K. and M. Fuchs, The European Union’s Trade Potential after the Enlarge-
ment in 2004, November 2005.

Radulescu, D.M. and M. Stimmelmayr, Implementing a Dual Income Tax in Germany:
Effects on Investment and Welfare, November 2005.

Osterkamp, R. and O. Réhn, Being on Sick Leave — Possible Explanations for Differ-

ences of Sick-leave Days Across Countries, November 2005.

Kuhlmann, A., Privatization Incentives — A Wage Bargaining Approach, November
2005.

Schiitz, G. und L. W6Bmann, Chancengleichheit im Schulsystem: Internationale deskrip-
tive Evidenz und mogliche Bestimmungsfaktoren, Oktober 2005.

WoBmann, L., Ursachen der PISA-Ergebnisse: Untersuchungen auf Basis der internatio-
nalen Mikrodaten, August 2005.

Flaig, G. and H. Rottmann, Labour Market Institutions and Employment Thresholds. An

International Comparison, August 2005.
Hiilsewig, O., E. Mayer and T. Wollmershiuser, Bank Loan Supply and Monetary
Transmission in Germany: An Assessment Based on Matching Impulse Responses, Au-

gust 2005.

Abberger, K., The Use of Qualitative Business Tendency Surveys for Forecasting Busi-
ness Investing in Germany, June 2005.

Thum, M. Korruption und Schattenwirtschaft, Juni 2005.



No.

No.

No.

No.

No.

No.

No.

11

10

Abberger, K., Qualitative Business Surveys and the Assessment of Employment — A
Case Study for Germany, June 2005.

Berlemann, M. and F. Nelson, Forecasting Inflation via Experimental Stock Markets:
Some Results from Pilot Markets, June 2005.

Henzel, S. and T. Wollmershiuser, An Alternative to the Carlson-Parkin Method for the
Quantification of Qualitative Inflation Expectations: Evidence from the Ifo World Eco-
nomic Survey, June 2005.

Fuchs, Th. and L. W6Bmann, Computers and Student Learning: Bivariate and Multivari-
ate Evidence on the Availability and Use of Computers at Home and at School, May

2005.

Werding, M., Survivor Benefits and the Gender Tax-Gap in Public Pension Schemes —
Work Incentives and Options for Reform, May 2005.

Holzner, Chr., Search Frictions, Credit Constraints and Firm Financed General Training,
May 2005.

Siilzle, K., Duopolistic Competition between Independent and Collaborative Business-to-
Business Marketplaces, March 2005.

Becker, Sascha O., K. Ekholm, R. Jiackle and M.-A. Muendler, Location Choice and Em-
ployment Decisions: A Comparison of German and Swedish Multinationals, March 2005.

Bandholz, H., New Composite Leading Indicators for Hungary and Poland, March 2005.

Eggert, W. and M. Kolmar, Contests with Size Effects, January 2005.

Hanushek, E. and L. W6B8mann, Does Educational Tracking Affect Performance and Ine-
quality? Differences-in-Differences Evidence across Countries, January 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


