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ABSTRACT

The intent of this study is to explore the causes of macro-level structural changes and the
implications of these changes for the macroeconomic fundamentals.

The cause of the recent sectoral composition change in the US is examined from the perspective
of intangible capital accumulation. In the first theoretical model of the study, as the importance
of intangible capital increases in the production functions — but at different rates across sectors
— labor is shifted from direct goods production to creating sector-specific intangible capital. At
the mean time, the real output and employment shares of the high intangible sector increase.
The implications of the model are consistent with a series of structural-change-related stylized
facts in the US economy. Empirically, it is shown that an industry’s future growth in output and
employment is strongly correlated with its intangible capital intensity. And the industries in which
firms’ intangible investments have a higher impact on firms’ production tend to grow more.

The study then looks at the recent structural change in the production volatility patterns of
the US, namely, a divergence in macro and micro level production volatilities. It is shown that as
firms’ organization capital becomes increasingly important in the production process, the impact
of firm-specific risk factor rises, while that of general risk factor declines. The former raises firm-
level volatility; the latter reduces aggregate volatility. Consistent with this theory, it is found
that firm-level volatility increases with organizational investment, but general factors’ impact on
firm performance and a firm’s production correlation with other firms decrease with organizational
investment.

The study also investigates structural change patterns in different countries. With data from 28
industries across 15 countries, it is shown that at least for the overall capital, the shares of capital
intensive industries are significantly bigger with higher initial capital endowment and faster capital
accumulation. More importantly, there is a significantly positive relationship between a country’s

aggregate output growth and the degree of structural coherence in all types of capital.
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Introduction

We are living in a world where the characteristics of economic life are increasingly departing from
anything else humanities have experienced before in the recorded history. Technology breakthroughs
are happening not in every other hundreds of years, but in every other few years. Capital is
accumulating in almost every part of the world at an unprecedented speed. Increased population
mobility and new communication systems are making the spread of information and knowledge
ever faster and cheaper. It is as if time itself has sped up. One result of all these shifts is that
the fundamental changes in macroeconomic structure—from changes in the industrial composition
of the economy to changes in the volatility patterns of production— are happening much more

frequently in the modern economy than in any previous ages.

These structural changes in macroeconomy provide interesting and important new research
topics for economists, and also pose new challenges to existing economic theory and empirical
practices. The following chapters explore some of the questions related to these structural changes
and their implications for macroeconomic fundamentals such as economic growth and business cycle

volatility.

Chapter 2 studies the sectoral composition of the US economy, which has changed dramatically
in the past several decades. During the same period, knowledge and information assets are becoming
increasingly important in the value creation process of a modern economy. This chaper aims to
explain the recent sectoral structural change from the perspective of differences in intangible capital
accumulation across sectors. In the two-sector model of the chapter, as the importance of intangible
capital increases in the production functions — but at different rates across sectors — labor is shifted
from direct goods production to creating sector-specific intangible capital. At the mean time, the

real output and employment shares of the high intangible sector increase.



The implications of the model are consistent with the following stylized facts in US economy:
(1) the high intangible sector has expanded in both output and employment; (2) intangible capital
investment increases in both sectors; (3) the economy’s employment composition is shifting towards
occupations engaging in intangible investment activities; (4) both sectors’ labor productivity growth
has declined over time, especially for the high intangible sector.

I further test the relationship between intangible capital and structural change at more disag-
gregate levels. The industry-level results suggest that an industry’s future growth in output and
employment is strongly correlated with its intangible capital intensity. The firm-level results show
that the industries in which firms’ intangible investments have a higher impact on firm production

tend to grow more. Both results are consistent with the theory.

The industry level data also indicates that the expanding service industries are primarily intan-
gible capital intensive. Thus the theory developed in this chapter also helps to explain the rise of

the service sector in recent decades.

Chapter 3 looks at the structural change in macro and micro level production volatilities in the
US.! The aggregate output volatility of US economy has declined significantly since the early 1980s,
while publicly-traded firms’ sales and employment have become more volatile during the same pe-
riod. The latter fact contradicts many explanations of the "Great Moderation" that imply a direct
transfer between macro and firm-level volatilities. In this chapter, I argue that firms’ organization
capital investment is a key factor causing the macro and micro level volatility divergence. Firm-
specific intangible capital accumulation is an important source of idiosyncratic risks, but it also
makes a firm less susceptible to general market risks. When organization capital becomes increas-
ingly important in the production process, the impact of firm-specific risk factor rises, while that
of general risk factor declines. The former raises firm-level volatility; the latter reduces aggregate
volatility, mainly through weakening the positive co-movements among firms. In this sense, the
decline in macro volatility during the past two decades is rather a story of the "Great Dissolution".

My empirical analysis found that, consistent with the above hypotheses, firm-level volatility
increases with organizational investment, but general factors’ impact on firm performance and a

firm’s correlation with others decrease with organizational investment. Simulations of the general

Tt should be mentioned that although the focus of Chapter 2 and 3 are in US economy, similar structural change
patterns have been observed in the literature for most developed economies.



equilibrium model featuring organization capital investment are capable of replicating the volatility
trends at both aggregate and firm level for the past two decades.

In Chapter 4, I empirically study the structural change in industrial composition across coun-
tries. The goal here is not only to explain why structural changes happen, but also to investigate
its effect on economic growth. Specifically, this chapter studies the industrial composition change
induced by factor endowment changes, and explores the linkage between structural coherence and
economic growth. Here structural coherence is defined as the degree that a country’s industrial
structure optimally reflects its factor endowment fundamentals.

Using data from 28 industries across 15 countries, I found that at least for the overall capital,
the shares of capital intensive industries were significantly bigger with higher initial capital endow-
ment and faster capital accumulation. More importantly, the results show a significantly positive
relationship between a country’s aggregate output growth and the degree of structural coherence
in all types of capital. Quantitatively, the structural coherence with respect to the overall capital
explains about 25% of the growth differential among sample countries. The results of the chapter
are mostly robust to alternative measure of capital intensity, to controls for other industry charac-
teristics such as human capital and degree of value-added, and to controls for other determinants

of structural change on both demand side and supply side.



Chapter 1

Sectoral Structural Change in a

Knowledge Economy

1.1 Introduction

It is a well-known fact that less than half of the economic growth today can be explained by the
"tangible" inputs, namely, physical capital and labor. Traditionally, macroeconomists attribute
other factors involved in economic value creation to a "residual" term in the production function,
which largely remains outside the scope of macroeconomic research. More recently, researchers
have started recognizing that besides plants, equipment, land and labor, there are other systemic
production inputs that are equally, if not more important in a modern knowledge economy, such as
intangible capital. This paper studies the role of intangible capital in the recent sectoral structural

change in the US.

The relative importance of various sectors in US economy has been going through dramatic
change over time. For example, in the past five decades, the growth of most service-producing
industries have largely outpaced that of goods-producing industries. What factors caused the struc-
tural change is an intriguing question. Different answers to the question have different implications

for long-term economic growth and employment performance.

This paper develops a supply-side explanation of structural change based on sectoral differences

in intangible capital accumulation. The basic idea is that the share of intangible capital in the
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production function differs across sectors. When the productivity of intangible investment increases
with exogenous technology progress, more intangible capitals can be produced, given the amount
of resources committed. Because intangible capital has a larger contribution to the production
process in some sectors than in others, the intangible-capital intensive sector’s output increases
disproportionately with the productivity increase in intangible investment. At the same time,
to take advantage of the increased investment productivity, firms shift labor from direct goods
production to intangible capital creation, and this shift is to a larger scale in the intangible capital
intensive sector. Take the total employment of a sector as the sum total of the sector’s direct
production labor and its intangible investment labor. The employment share of intangible-capital
intensive sector would increase due to the disproportional expansion of its intangible investment
labor.

The term intangible capital refers to knowledge and information based assets, including knowl-
edge acquired through R&D and other creative activities, knowledge embedded in computer soft-
ware and databases, firm-specific human and structural resources like management experience and
brand names.

Modern firms engage in a wide range of knowledge-building activities, such as designing new
products, processes and business models, training employees, marketing brands, developing com-
puterized assets, communicating within and without the organization and acquiring information
about markets and competitors. These activities mostly do not create any physical assets. How-
ever, they create knowledge-based resources indispensable in generating new values for customers
and financial returns for the firm. The nature of these business activities is not very different from
investment in physical capital — both generate productive resources for the future. In this sense,
they should be viewed as capital investment when we analyze the firm’s production process.

The advancement in information and communication technology has greatly enhanced the pro-
ductivity of intangible capital investment in the past several decades. The most obvious change the
IT revolution brought about is the proliferation of software and computerized information systems
as new forms of intangible assets. But more importantly, it increases the effectiveness of many
other knowledge investment endeavors. For example, progress in communication technology and
new media increased the reach of firms’ marketing efforts. The emergence of internet made many

new business models possible, especially in the service sector. Computer networks make finding



and sharing of information within and between business entities easier and faster. The use of
computer software facilitated innovative work that produces knowledge assets. For instance, an
architect who spent days crafting a blue print with pencil and paper can now create the same design
in a few hours on a computer. Moreover, the proliferation of information provides powerful tools
for managers and directors of enterprises. It promotes such organizational investment as flexible

L' The result of increased investment

firm structure and decentralized decision-making processes.
productivity is a surge of intangible capital investment in the economy over the recent decades.

The empirical evidence of this trend will be reviewed in the next section.

The present paper is motivated by a set of new stylized facts about the linkage between the rise
of intangible capital and sectoral structural change during the same period. In the past several
decades, the high-intangible-capital industries have grown faster than their low intangible peers. In
Figure 1.1, US SIC two-digit industries are divided into two sectors according to industry intangible
capital investment intensity.? Figure 1.1 plots the real output and employment size of the high
intangible capital sector as a proportion of the total private industries. Notice that in a span of
five decades, the intangible capital intensive sector has experienced much more rapid growth in

both real output and employment than the other sector.

Not only has the high-intangible capital sector expanded, intangible capital investment itself
has also increased over time. Figure 1.2 shows intangible capital investment trends for the high
and low intangible sector respectively. A sector’s intangible investment intensity is calculated as
the median investment intensity across industries within the sector. It is easy to see that both
growing and declining sectors’ intangible capital investments are increasing over time. However,

the growing sector’s intangible investment increases faster than that of the declining sector.

'See Brynjolfsson & Saunders (2009) for a detailed discussion about the relationship between information tech-
nology and organizational capital investment.
2The methodology of sector classification will be discussed in the calibration Section 4.1.
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In conjunction with the structural change in sectoral composition, the employment composition
of the economy has also been shifting — from direct goods production to intangible capital invest-
ment activities. In Figure 1.3, I selected several groups of occupations in which work activities
typically involve intangible capital production, and calculated their shares in total employment.?
These occupations are divided into three categories: 1) jobs that mainly involve creativity and
innovation, such as engineers, architects, scientists, artists, and entertainers; 2) jobs that deal in
organization construction and maintenance, such as managers, administrators, HR specialists, and
business consultants; 3) jobs that fulfill marketing and communication functions, such as advertis-
ing personnel, customer service representatives, and IT operators. Figure 1.3 indicates that the
share of workers engaging in intangible investment as a proportion of the total working population
have been increasing overtime.*

The fourth stylized fact is concerning the productivity growth of the two sectors. Table 1.1
shows the annual average labor productivity growth® of the high and low intangible sectors in
two sub-periods of the industry data sample and for the whole sample period from 1950 to 1997.6
Two things are worth noticing. First, the labor productivity growth has declined in both sectors
overtime. Second, the decline is more significant in the growing, high intangible sector. Thus for
the whole sample period, the high intangible sector has on average lower productivity growth than

the other sector, though its productivity growth is higher in the first sub-period.”

3Data source: Steven Ruggles, Matthew Sobek, Trent Alexander, Catherine A. Fitch, Ronald Goeken, Patricia
Kelly Hall, Miriam King, & Chad Ronnander. Integrated Public Use Microdata Series: Version 4.0. Minneapolis,
MN: Minnesota Population Center [producer and distributor], 2009.

1One thing to keep in mind is that this is a very rough measure of the intangible-investment workforce, in the
sense that (1) the occupation groups are selected subjectively according to common observations; they are by no
means exclusive; (2) for many occupations, included in the list or not, working hours may be split between direct
production and intangible investment activities. Therefore, Figure 2 should be taken as suggestive evidence, instead
of a precise measure of intangible investment labor.

>Here the sectoral labor productivity is calculated as a sector’s total real value-added devided by total labor hours.

5The BEA stopped producing industry output and employment data by SIC industry classification in 1997 and
shifted to NAICS classification. To ensure consistency, I use SIC industry data for the most part of the paper.
Therefore the sample period ends at 1997.

"This fact is related to the famous "cost disease" hypothesis by William Baumol (Baumol, 1967). The hypothesis
was originally focused on the expansion of service industries. It assumes that service industries are intrinsically less
likely to experience productivity improvement than goods-producing industries. A direct implication is that as the
less productive industries grow bigger, it will eventually bring down the growth of the whole economy. This paper
will show later that most of the expanding service industries are high intangible industries. Thus the result in Table
1 seems to be consistent with Baumol’s hypothesis. However, as will be discussed in the calibration section, the
conventional way to calculate labor productivity does not take into account the fact that part of the labor force is not
directly engaged in the production of goods and services, but instead producing intangible investment goods which
are not counted in the final outputs. And this is especially true for the high intangible sector.



Annual Labor Productivity Growth (%)

1951-1973 1974-1997 1951-1997
High Intangible Sector 2.92 -0.94 0.95
Low Intangible Sector 2.16 0.72 143

Table 1.1: Labor productivity growth of the two sectors

The model of the paper replicates most of the stylized facts presented above. In terms of sectoral
composition, the calibrated model generates significant increase in the high intangible sector’s
output and employment shares, the magnitudes comparable to the data. The model also produces
rising intangible investments in both sectors, and increasing share of intangible investment labor
in the total employment. Finally, both sectors’ labor productivity growths decline overtime in the

model simulation, and the decline is greater in the high intangible sector.

The empirical part of the paper tests the relationship between intangible capital accumulation
and structural change with industry and firm data. The industry-level regressions show that
intangible capital intensity has a strong positive correlation with future industry growth in output
and employment. The result is robust to the inclusion of other industry characteristics that might
impact industry growth. At the firm level, I also find that an industry tend to expand more
when intangible investment has a higher impact on the growth of firms in the industry, i.e., when
intangible capital is more important in the industry’s production function. These findings are

consistent with the theory of the chapter.

The rest of the chapter is organized as follows. Section 1.2 gives a review of related literature.
Section 1.3 presents a two-sector model featuring intangible capital accumulation, and discusses
how the model can generate sectoral structural change. Section 1.4 calibrates the model and
presents simulation results. Section 1.5 undertakes empirical analyses to test the implication of
the model. Section 1.6 applies the chapter’s theory to explain the rise of service sector in recent

decades. Section 1.7 concludes.



1.2 Related Literature

Although the neoclassical view of economic growth places little emphasis on sectoral composition
change, some early literature from distinguished authors pointed out that structural change is
in fact an integral part of growth. Baumol (1967) divided the economy into "progressive" and
"non-progressive" sectors according to their rate of productivity growth. He proposed that over
time, resources would shift to the sector with lower productivity and that sector would eventually
determine the growth rate of the whole economy. Kuznets (1973) suggested two causes of sectoral
composition change: shifting income elasticity of demand for different sectors and uneven rates of

technological progress.

Recent literature are more or less expositions of the above rationales. For example, Echevarria
(1997), Laitner (2000) and Kongsamut, Rebelo & Xie (2001) motivate structural change by as-
suming non-homothetic preferences in the utility function. Acemoglu & Guerrieri (2008) provides
a two-sector model with different physical capital intensities in the sectoral production functions.
They show that with aggregate capital deepening in the economy, the real output share of the
sector that relies more on capital increases, but at the same time, resources are shifted towards the
sector with low capital intensity because of low elasticity of substitution between different sectoral
goods. A similar assumption is adopted by Ngai & Pissarides (2007). In their model, structural
change is interpreted as labor shifting to sectors with low technological progress, whose shares of

employment and nominal output increase over time.

However, as pointed out by Buera & Kaboski (2007), the rise of many advanced service industries
since the mid-20th century is an expansion of not only nominal output shares, but also real output
shares of those industries. The story of low elasticity of substitution between sectoral goods runs
counter to the latter observation. Moreover, theories that assume non-homothetic preferences of
consumers neglect the fact that many rising industries, such as business and financial services, are
in fact not final goods providers, and their rise can hardly be explained as a result of differences in

income elasticity.

In contrast, the present research made simple and standard assumptions about households’
utility function and do not rely on demand elasticity to generate the structural change results.

The present research identified the cross-sectoral difference in intangible capital intensity as an
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important source of structural change. The shift in employment shares of sectors is motivated
by the change in work tasks from direct goods production to intangible capital production, unlike
in most of the existing supply-side literature, which mainly relies on low elasticity of substitution

between sectors to generate realistic structural change in employment.

A crucial difference between the industrial-age economy and the modern knowledge economy is
that cutting-edge production know-how is no longer embodied in plants, properties and equipment,
but are increasingly intangible, carried with workers and organizations. Moreover, the advance-
ment of IT technology drastically reduced the cost of information processing, facilitated applied
innovations and transformed the characteristics of business communication. The emergence of IT,
as a general purpose technology, both requires and enables new investments in such intangible

assets as organizational structure and management processes.

There is abundant evidence suggesting that the business sector’s intangible capital investments
have been on the rise over the past six decades. Companies’ market value as a percentage of GDP
has been increasing since the 1980s’, while tangible assets relative to GDP declined during the same
period. Some researchers argue that an important source for the increase in firms’ market capi-
talization is the accelerated accumulation of intangible assets (e.g., Hall, 2001). Nakumura (2001)
inferred the amount of business intangible investment in US economy, using data on industrial
expenditures, labor inputs and corporate operating margins. He concluded that by 2000, private
firms invested at least $1 trillion annually in intangible assets, and 1/3 of US corporate assets are
in intangibles. Corrado, Hulten & Sichiel (2005, 2006) directly estimated and aggregated different
components of business intangible capitals. They concluded that by the end of the 20th century,
intangible capital investment had exceeded private firms’ physical capital investment, amounting
to about 13% of business outputs. Atkeson & Kehoe (2005) emulated plant-life dynamics based on
organization capital accumulation. They estimated that the payments to intangible capital owners
are on average 110% of those to physical capital owners. According to the above estimations, it is a
reasonable conjecture that given the large increase of intangible investment in the economy, it can
have impact, and large impact, on the characteristics of production and employment in different

sectors.

There is a diverse and quickly expanding literature that relates intangible capital investment
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to various macroeconomic phenomena.® The present research, to my best knowledge, is the first

one to analyze the relationship between intangible capital accumulation and the sectoral structural

change in modern economy.

1.3 Theory

1.3.1 Model

The model economy is inhabited by a representative household with the preference’

Z IBt ln (Ct)
t=0

The economy has two sectors, which produce their respective sectoral goods Yiand Ys. A final

good is produced competitively by combining the two sectoral goods:
Vi =Yg (11)

where 7, + v, = 1.1

I assume that there is only one firm in each sector, and the sectoral goods production function

8 Prescott & Visscher (1980) modeled the information accumulation and transfer process within a firm (a type of
organization capital investment), and used it to explain stylized characteristics of firm growth rates and size distrib-
utions. Hall (2001) argued that US firms’ intangible asset accumulation helps explain the persistent high valuation
of common stocks compared to companies’ book values. Atkeson & Kehoe (2005) linked the amount of organization
capital a plant accumulated with the size of plant-specific rents. They simulated plant distribution dynamics driven
by organization capital accumulation, and showed that the result fit the real data well. Jovanovic & Rousseau (2001)
hypothesized that the quality of organization capital differs across generations of firms, which explained the “cohort
effects” in firms’ stock market performance. Brynjolfsson, Hitt & Yang (2002) found that investment in intangible
assets complements investment in IT technology, and the combined investment has a significantly larger impact on
firms’ output and market valuation than isolated investments. McGrattan & Prescott (2007) introduced business
intangible investment in a standard growth model and demonstrated that it helped explain US productivity and
investment boom in the 1990s. Danthine & Jin (2007) modeled different stochastic processes in intangible capital
accumulation and argued that it contributed to high volatility in equity returns.

9Here the utility function is in log form and welfare is only derived from consumption. These specific assumptions
serve to simplify the non-essential part of the model. A more complicated utility function won’t change the major
results of the model.

YEquation 1.1 implies that the elasticity of substitution between the two sectoral goods is equal to 1. This
means that the ratio between the nominal values of the two sectoral goods is always constant — any relative quantity
changes are exactly off-set by corresponding changes in prices. The purpose of this assumption is to differentiate
the employment structural change mechanism described in the present paper from the mechanism used in some other
supply-side structural change papers that rely on non-unity elasticity of substitution between sectors to create labor
composition change (e.g., Acemoglu & Guerrieri (2008); Ngai & Pissarides (2007)).
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is Cobb-Douglas:

)

it bt p1—ai i —bi ¢ .
Y = Ki,t Oiﬂf Lyi,t , 1=1,2

where K, O;, Ly, are respectively physical capital, intangible capital and labor engaged in pro-
ducing sectoral goods Y;. An important f