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Investment in new equipment and software is the primary means through
which innovation—the key driver of economic growth—diffuses
throughout the economy. Without new capital investment refreshing a
nation’s capital stock, innovation loses its power, productivity growth
stagnates, and national economic competitiveness declines. It is troubling,
then, that over the past decade, business investment rates in the United
States have stagnated. Between 1980 and 1989, business investment in
equipment, software and structures grew by 2.7 percent per year on
average and 5.2 percent per year between 1990 and 1999. But between
2000 and 2011 it grew by just 0.5 percent per year—Iless than a fifth of
that of the 1980s and less than one tenth that of the 1990s. Moreover, as a
share of GDP, business investment has declined by more than three
percentage points since 1980.

In this report, we examine the role of private nonresidential capital investment in economic
growth and then analyze trends in that investment over the past three decades. We find
that, not only has the overall business investment rate stagnated in the 2000s, but
investment that was once broadly distributed across industries is now much more
concentrated in a few select domestic-serving services industries, and industries that once
powered U.S. investment growth and global competitiveness are now falling behind.
Industries in which we are thought to be global leaders, such as computers and chemicals
products, have experienced declines in capital investment. The report reviews possible
reasons behind the investment decline, suggesting that the rise of “short-termism” on the
part of corporate managers and declining U.S. economic competitiveness have played key
roles. To turn these around, Congress should use the tax code to more strongly encourage
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investment in machinery, equipment and software, ideally through a new investment tax
credit, while the administration should establish a task force on market short-termism to
recommend policies to ameliorate it.

WHY CAPITAL INVESTMENT MATTERS

In developed, knowledge-based economies like the United States, innovation powers long-
run economic growth. The mere act of innovating is not sufficient to grow an economy,
however. Rather, for the economy to grow, that innovation must diffuse through the
economy, being adopted by firms as they seek to improve productivity or the quality of
products or services.' Investment takes on this role: once an innovation occurs, capital
investment—the purchase of machinery equipment and software by organizations—is what
spreads the innovation throughout the economy. This investment includes things like
information processing equipment and software; industrial equipment such as engines,
metalworking machinery, and materials handling equipment; transportation equipment
like trucks and aircraft; and other equipment such as construction machinery and farm
equipment.”

Capital investment acts as a diffuser of innovation because innovation is embedded in new
investment. For example, new personal computers contain better, faster operating systems
and other new or redesigned software; they include hardware innovations such as touch
screens and solid state drives that lower boot time to mere seconds. Even seemingly “old
economy” capital such as agricultural or mining equipment is now infused with highly
advanced technologies, and each new generation is better than the last. The latest cotton
harvesters built by John Deere, for example, include GPS location tracking, microwave
sensors to measure the flow of cotton, radio-frequency identification (RFID) tagging to
track the origin of each cotton bundle, and wireless data communication capabilities. One
John Deere harvester contains about the same processing power as eight personal
computers.” Likewise, warehouses today employ sophisticated new technologies.
Warehouse management systems combine innovations in robotics, RFID and laser tagging
with inventory management software to dramatically increase accuracy and productivity.*
Even machine tools, a hallmark of what is sometimes called “dirty” manufacturing, are
today brimming with the latest technologies. For example, one can purchase milling
machines equipped with a computer, operating system and precision controller software.’
In virtually all cases, when organizations buy new capital equipment, they are buying
innovation.
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of machinery equipment
and software by
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spreads the innovation

throughout the economy.

Indeed, contrary to conventional economic doctrines, the value of investment is not in
acquiring more machinery and equipment; it is in acquiring newer and more productive

equipment—in essence acting as a “refresh” rate for the economy. (See Box 1) A high rate

of investment enables innovations to swiftly spread through the economy, bestowing their

economic benefits upon their users. Conversely, a low rate of investment can signal either a

lack of innovation—such as when new equipment and software is not sufficiently superior

to warrant an investment—or insufficient incentives for organizations to adopt those
innovations.

BOX 1: ECONOMIC DOCTRINES AND CAPITAL INVESTMENT

As ITIF has written, economics is not a science, but rather a collection of
competing doctrines.® Adherents of different economic doctrines view the role of
capital and investment in economic growth quite differently. Until the mid-
1990s the economic debate was largely between neoclassical economists and
neo-Keynesian economists; however, more recently, a new doctrine has emerged:
innovation economics. The following provides a summary of neoclassical, neo-
Keynesian, and innovation economics views on the subject of capital, investment
and economic growth.

Neoclassical Economics

Perhaps the most important principle of neoclassical economics is that the
accumulation of capital is what drives economic growth. Economist Robert Solow
was awarded the Nobel Prize for empirically linking two explicit factors—Ilabor
and capital—to growth, and today in the neoclassical doctrine capital
accumulation is the central focus.” While Solow acknowledged the importance of
technology in growth, he did so by calling the model’s unexplained residual
“technical change” and treating it as exogenous—that is, lying outside of the
model, and therefore outside of economic inquiry. As economist Michael Mandel
notes, neoclassical economists are “capital fundamentalists” who “behave as if
saving and investment in physical and (sometimes) human capital are the only
forces driving growth. [They] generally ignore or minimize the role of technology.
... They grudgingly acknowledge the importance of technological change, but
they don’t understand it or trust it.”® The key here is that, for neoclassical
economists, it is the amount of capital investment, not the rate at which it
incorporates innovation, which matters to economic growth. In other words, for
them, expanding capital investment by $1 billion in the first generation of a
machine is just as effective at promoting growth as an investment of $1 billion in
the second generation of the machine. Moreover, neoclassical economists do not
distinguish between different sorts of capital, treating IT equipment, machinery,
and structures equally as important to growth as the other.

Neo-Keynesian Economics

For neo-Keynesian economists, it is spending, rather than capital accumulation,
which drives economic growth. In other words, the focus of the neo-Keynesians is
on “aggregate demand,” in that growth in the aggregate demand for goods and
services is what drives economic growth. They view capital investment as simply
another type of spending, a component of aggregate demand. Thus, if capital
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investment falls or stagnates, consumer or government spending must rise in
order to keep economic growth on course. The only real advantage increased
capital investment brings is in an aggregate demand sense, in the same way that
increased spending on clothing or food would spur aggregate demand. That said,
in recent years some neo-Keynesians have attempted to update the aggregate
demand story such that it fits the realities of the new economy. Some neo-
Keynesians now acknowledge that investment is a key driver of productivity
growth. However, their claim remains that it is spending that drives companies to
increase investment, rather than innovation.” In their view, companies will invest
more only if the overall demand for their products or services is increasing. This
view, like the neo-classical view, ignores the role of capital investment in
spreading innovation and innovation in driving investment.

Innovation Economics

Innovation economists believe that what primarily drives economic growth in
today’s knowledge-based economy is not the accumulation of capital, as claimed
by neoclassicalists, nor spending, as claimed by neo-Keynesians, but innovation.
This innovation-focused growth model is deemed “new growth” theory. Innovation
economists argue that growth in developed economies over the last 20 years has
occurred not because economies accumulated more capital to invest in even
bigger steel mills or car factories; nor has it occurred because consumers spent
themselves into prosperity (clearly). Rather, growth has occurred because a wide
array of new technologies has been developed—particularly information
technologies—and, importantly, deployed throughout the economy. This
emphasis on innovation has led some adherents of new growth theory to assume
that only intangible capital, such as research and development (R&D), is
important and that tangible capital (equipment) is unrelated to innovation.'® But
this is a misreading of new growth theory and empirical analysis, which makes
clear that innovation is enabled by the adoption of innovative capital equipment.

Why does this matter? First, modern economies like that of the United States require
innovation in order to grow. Innovation, in turn, requires high rates of capital investment
in order to be utilized. This brings up an important distinction: capital investment—which
we are discussing here—should not be confused with capital stock. (See Box 2) Capital
stock—the amount of equipment, software and structures in an economy—was once
considered to be the primary driver of economic growth. The more capital, the theory
went, the better. However, this “neoclassical” theory has been displaced by “new growth”
theory, which argues, in essence, the more innovation, the better. As Paul Romer, a leader

in new growth economics, explains:

We now know that the classical suggestion that we can grow rich by accumulating more
and more pieces of physical capital like forklifts is simply wrong. The problem an
economy faces ... is what economists call "diminishing returns.” In handling heavy
objects, a forklift is a very useful piece of equipment. When there were few forklifts in
the economy, the return on an investment in an additional forklift was high. But as we
increase the total number of forklifts the value of each additional forklift drops rapidly.
Eventually, additional forklifts would have no value and become a nuisance. The return
on investment in an additional forklift diminishes and eventually becomes negative. As
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a result, an economy cannot grow merely by accumulating more and more of the same

kinds of capital goods."'

Some economists—even some new growth proponents—have interpreted this to mean that
capital investment is unimportant and that innovation is the only important growth
driver.'” But this is a misreading of new growth theory. In new growth theory, it is through
investment in new machinery, equipment and software that innovation spreads. High rates
of investment mean that the capital stock is refreshed and replaced with newer and more
productive machinery, equipment and software. Low rates of investment mean that
organizations are not adopting innovative new equipment and software as they might
otherwise. Declining capital stock is an indicator that new equipment is not replacing old
equipment faster than it is being worn out. Both capital investment and capital stock are
important metrics of economic health.

BOX 2: INVESTMENT VERSUS NET STOCK

Two related terms, “investment” and “net stock,” appear frequently in this
paper. It is important to distinguish between them:

Investment

Investment in this report refers to nonresidential fixed asset investment, which
refers to the annual purchases of goods that are not consumed immediately but
are rather used to enable future production. These goods include equipment,
software and structures. In economic parlance, they are referred to as physical
capital, and in this paper the terms “investment,” “fixed investment” and
“capital investment” are used interchangeably.

Net stock of fixed assets

The net stock of fixed assets at a point in time is the sum of all of those fixed
assets that have been purchased through investment, minus the depreciation of
those fixed assets. (The “net” in net stock signifies that depreciation is
subtracted.) In this paper the terms “net stock,” “capital stock” and “net stock
of fixed assets” are used interchangeably. Thus, unless the investment rate
exceeds the rate of depreciation of existing stock of fixed assets, the net stock for
an economy will decline.

One way to understand the role of capital investment in economic growth is to consider
Romer’s example of forklifts. What would be better: an economy with 20 percent more
fork lifts or an economy where existing fork lifts were replaced with new ones that were
robotically controlled? Assuming that the robotic ones cost 20 percent more, the capital-to-
GDP ratio would be the same either way, but the economy would be more productive with
robotic forklifts (assuming that they are more than 20 percent more productive). Indeed,
while adding more forklifts will show diminishing returns (each additional forklift acquired
would be less productive than the previous forklift acquired), better forklifts will not, at
least in the short run."? Clearly, the robotic forklift innovation is essential; however, if only
a few enterprises buy them, the full potential of the robotic forklift innovation will not be
realized. In other words, the key is not how many machines an economy has; rather, it is
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how advanced the machines are and how effectively they are used, and this is why the rate
of capital investment in the economy is so important.

A second reason capital investment matters is that it has substantial “spillover” benefits—
that is, benefits not just for the firm making the investment, but also for the rest of society.
To put it another way, firms are unable to capture all of the benefits of their investments in
capital. Many economists acknowledge that investments in the production of innovation
(such as R&D) have spillovers, and that this is why policies like the R&D tax credit are
important. But fewer recognize that investments in new machines, equipment and software
also have spillovers. As with R&D, given that firms do not capture the full benefits of
capital investment, these spillovers lead to chronic underinvestment.

Firms capture on average
only about half the total
societal benefits from
their investments in
z'nfarmalz’an processing
equipment and software,
suggesting that the
current level of IPES
investment is significantly
less than is societally

optimal.

Assset type Firm benefit Spillovers Economy-wide
benefit

Information High High High
Processing

Equipment and

Software (IPES)

Other equipment High Moderate Moderate
Structures Low Low Low

Table 1: The Benefits of Fixed Asset Investments by Type'

Xavier Sala-i Martin finds that, economy wide, both equipment and non-equipment
investment are strongly and positively related to growth, but that equipment investment
has about four times the effect on growth as non-equipment investment such as
buildings." Bart Van Ark finds that the spillovers from investment in new capital
equipment are larger than the size of the benefits accrued by the investing firm.' Studies at
the industry and firm level have also found compelling evidence of capital equipment
spillovers, particularly for information processing equipment and software (IPES). (See Box
3) Lauren Hitt and Prasanna Tambe find that the spillovers from firms’ investments in
IPES are “significant and almost as large in size as the effects of their own IPES
investment.”"” In other words, firms capture on average only about half the total societal
benefits from their investments in information processing equipment and software,
suggesting that the current level of IPES investment is significantly less than is societally
optimal.
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BOX 3: WHAT IS IPES?

IPES stands for Information Processing Equipment and Software, a U.S.
government term for a class of digital goods (or assets) that emerged in the latter
half of the twentieth century. The types of goods included under IPES are:

= Mainframes

= Personal computers

= Printers

= Terminals

= Storage devices

= System integrators

= Software

= Communications equipment
= Medical instruments

= Photocopy and related equipment
= Accounting equipment

There are several reasons why firms are unable to capture the full benefits of their capital
investments; however, this is not to say that all kinds of business capital investment have all
of these characteristics. (See Box 4) When a company constructs a new building, it is more
likely to capture all of the benefits of that investment. But when it buys new equipment or
software it is not likely to be able to capture all the benefits. And these spillovers are likely
to be even larger for information technology, in part because the learning cost curve
appears to be steeper and because the network effects are larger.

This leads to a larger point: not all investments are created equal, at least in terms of benefit
to the economy. As Table 1 shows, IPES has both a high private benefit to the firm and
high spillover benefits, and thus has a high economy-wide benefit. Other sorts of
equipment, such as industrial machinery and transportation equipment, provide high
benefits to the firm but have smaller spillover benefits. Investments in structure provide
lower productivity benefits to the firm and almost no spillover benefits, and thus its
economy-wide benefit is low. In other words, unlike equipment and software investments,
structure investments provide less of a pathway for the diffusion of new innovations.'®

Finally, investment matters because a low refresh rate for capital will make it more difficult
U.S. business establishments to be competitive in global markets. This is because both
innovation and investment are essential to gain or maintain U.S. business competitiveness
in the face of global competition. If investment declines, this means that, despite a high
rate of innovation creation in the United States, there is a low rate of productivity and
actual production in the United States. Furthermore, foreign companies may invest in
innovative equipment and software, providing them with a competitive advantage over
U.S. firms. In short, innovation creates, investment diffuses. Therefore, stagnant or
declining investment could not only be another sign of U.S. competitive decline, but a
cause.
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BOX 4: THE REASONS BEHIND CAPITAL INVESTMENT’S
SPILLOVER BENEFITS

There are at least six reasons why firms are not able to capture all the benefits
from their investments in capital equipment:

= First, increased capital expenditures spur innovation in the capital goods
industry as higher sales enable capital goods suppliers to fund more R&D,
leading to even more productive capital goods equipment. Increased sales
also move the capital goods industry down the production cost curve faster,
allowing it to lower the price on future units, which in turn spurs adoption
of even more capital equipment.

= Second, lower prices for equipment mean that equipment used in scientific
research is cheaper, leading to more investment and more research
breakthroughs.

= Third, investment in new equipment grants workers new knowledge about
the equipment, and they in turn transmit this information to their
subsequent employers, leading them to also invest in that new equipment.
Indeed, users of new equipment learn what modifications need to be made
and then transfer this experience to other firms through a host of means,
from inter-firm labor movement to trade shows and professional association
meetings.

= Fourth, some equipment, especially IPES, has network effects where the
benefits to other firms from a firm adopting the technology are significant.
As Hitt and Tambe note, “firm-level investments in communications
technologies can create benefits for business partners. Alternatively,
investments in information technologies can produce knowledge that can
spill over between firms.”*® For example, when logistics firms adopted
advanced information technologies in the 1980s, they were able to support
just-in-time production processes by manufacturers. So while logistics firms
benefited by investing in IT, so too did their customers.

= Fifth, in some innovation-based industries, especially capital goods
industries, prices are often above marginal costs, in part because of
increasing returns to scale. Consequently, rates of adoption will be too
low." However, since prices are higher than marginal cost, this is akin to a
private tax that will lead demand to be lower than societally optimal.

= Sixth, as new equipment is replaced, it usually becomes more energy
efficient, generating benefits firms don’t capture fully (such as reduced
CO2 emissions).

CAPITAL INVESTMENT TRENDS ANALYSIS

Any analysis of capital investment trends has to take into account trends in informatio

n

processing equipment and software (IPES). (See Box 3) According to the U.S. government,
from 1980 to 2011, investment IPES grew by 2,156 percent, over 31 times faster than the
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Although the 2000s
experienced sharp ups
and downs in investment,
in 2011 investment was
still six percent lower
than in 2000.

next fastest growing type of equipment, transportation, which grew by just 69 percent. But
this figure is significantly overstated. (See Appendix A) As ITIF has discussed in previous
reports, government methodologies for measuring how goods quantities and qualities
change over time do not apply well to information technology goods—in effect, Moore’s
Law (the trend of information technology prices falling dramatically and rapidly) boggles
the government’s economic accounting system. *!

Therefore, before we begin our analysis, we adjust the growth rate of IPES assets to reflect
more accurate measurements of actual purchases. (See Appendix B) This adjustment is
more of an art than a science, as there is no strictly scientific way to do it. Instead of using
the U.S. government’s quantity and quality growth rate for IPES, we use the raw
“nominal” (or “historical”) growth rate for IPES, and then combine our new IPES growth
rate with the rest of the government’s growth rates for non-IPES assets. (We refer to quality
and quantity as simply “quantity” in much of this paper, for simplicity.) We can then
examine the past three decades of investment in the United States, beginning in 1980 (the
earliest year possible, due to technical constraints) and extending to 2011 (the latest year of
available data). Granted, even after our adjustment, IPES assets still grow at a very rapid
681 percent.

We find that annual business fixed investment rates, including structures, equipment and
software, grew in the 1980s, shot up rapidly in the 1990s, and then stagnated in the 2000s.
(See Figure 1) Although the 2000s experienced sharp ups and downs in investment, in
2011 investment was still six percent lower than in 2000. In contrast, while the 1980s did
not see investment grow as rapidly as it did in the 1990s, investment was 28 percent higher
in 1989 than it was in 1980. As Figure 2 demonstrates, even in 1991, in the midst of the
early 1990s recession, investment was 21 percent higher than it was in the midst of the
short recession in 1980. In other words, despite ups and downs, the 1980s saw steady
growth in investment throughout the decade, while the 2000s were anything but steady.
Compare Figure 2 to Figure 3: both decades experience peaks and troughs, but only in the
2000s is the net change in investment flat.
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Figure 1: Total Nonresidential Fixed Investment (equipment, software and structures), IPES-
Adjusted Quantity Index (1980=100)*
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Figure 2: Total Nonresidential Fixed Investment in the 1980s, IPES-Adjusted Quantity Index
(1980=100)*

This stagnation means that business investment rates are actually falling relative to the size
of the economy. Figure 4 shows the nominal dollar level of investment as a share of the
nominal dollar level of GDP over time, along with a dotted trend line. As a share of GDP,
fixed investment was higher in the early 1980s—around 13 percent of GDP—than in any
subsequent year. In 2011, fixed investment accounted for less than 10 percent of GDP.
Given that it is investment that drives productivity growth, these statistics are sobering.
Out of all the fundamental components of GDP—consumption, investment, government,
and net exports—a fall in the relative magnitude of investment is the most worrying in
terms of future economic performance.
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Figure 3: Total Nonresidential Fixed Investment in the 2000s, IPES-Adjusted Quantity Index
(2000=100)*
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Figure 4: Total Nonresidential Fixed Investment as a Share of GDP, 1980-2011*

Now, let’s turn to the components of fixed investment to ascertain what is responsible for
investment growth in the 1980s and 1990s, and the stagnation of the 2000s.

Structures

As discussed, not all investment components are created equal: in terms of driving future
economic growth, equipment investment is far more important than investment in
structures. Furthermore, in 2011, non-residential structures investment was five percent
lower than it was in 1980, and, on average over the period, contributed to less than 1.5
percent of the growth in total investment from year to year.”® As a result, we will not spend
a substantial amount of time analyzing investment in structures. There is, however, one
pattern in structure investment that is worth examining, and to place it in context, it is
worth zooming out from just the past three decades (unlike with equipment and software,
we are able to look back earlier than 1980 for structures.)?’

Figure 5 shows investment in manufacturing structures since 1925. At first, a trend may be
difficult to see; however, after smoothing the line, a trend emerges: investment in
manufacturing structures has plummeted since 1980. ** This downshift in investment
means that the number of new manufacturing structures is no longer keeping pace with the
depreciation of existing manufacturing structures, which, in turn, means that the real
quantity of manufacturing facilities in the United States is shrinking. Figure 6 shows that,
for the first time since World War II, the net stock of manufacturing structures in the
United States is falling. Between 2001 and 2011, the net stock of manufacturing structures
fell by more than nine percent, a fall which, given investment’s continued decline, will also
undoubtedly continue. Furthermore, given the long life of structures—the average
structure class’s deprecation rate is less than a quarter that of the average equipment asset
class—we can expect this fall in manufacturing structure investment to continue eroding
the structure stock for decades to come.”
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manufacturing structures
in the United States is a
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in the international
competitiveness of the
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sector.
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Figure 5: Private Investment in Manufacturing Structures, Quantity Index (1925=100), 1925-
2011*

A decline in value of manufacturing structures in the United States is a key symptom of a
decline in the international competitiveness of the U.S. manufacturing sector. However, it
is only a symptom—it is not, in itself, a driver of competitive decline. In contrast,
equipment and software investment is more of a driver of competitiveness, and thus its
decline is far more ominous.
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Figure 6: Net Stock of Manufacturing Structures, Quantity Index (1925=100), 1925-2011*

Equipment and Software

Total business investment in equipment and software, like total investment, grew in the
1980s, boomed in the 1990s, and then stagnated in the 2000s. (See Figure 7) As Figure 9
shows, between 2000 and 2011, equipment and software investment increased by just 2
percent. For comparison, Figure 8 shows that between 1980 and 1991, equipment and
software investment increased by 37 percent.
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Figure 7: Private Nonresidential Fixed Investment in Equipment and Software, IPES-Adjusted
Quantity Index (1980=100), 1980-2011%*
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Figure 8: Nonresidential Equipment and Software Investment in the 1980s, IPES-Adjusted
Quantity Index (1980=100)*
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Figure 9: Nonresidential Equipment and Software Investment in the 2000s, IPES-Adjusted
Quantity Index (2000=100)*
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Also like total business investment, the 2000s stagnation means that equipment and
software investment is falling relative to the size of the economy. The trend line on Figure
10 shows that, after increasing in the 1990s, equipment and software investment began to
decline as a share of GDP in the 2000s.
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Figure 10: Nonresidential Equipment and Software Investment as a Share of GDP, 1980-2011%

The stagnation in investment is showing up in the net stock data. Equipment and software
investment has not been stalled for the same length of time as investment in manufacturing
structures, thus the effect on net stock is less pronounced in Figure 11 than it is in Figure
6. However, there is an unmistakable flattening out that occurs post-2008: in the four years
prior to 2011, the net stock of equipment and software declined by 0.6 percent. Moreover,
if we compare the size of the net stock to the size of the economy using GDP, the picture
looks much worse, with sustained decline across all three decades. (See Figure 12) As IPES
assets with faster depreciation rates form an ever-greater share of the stock of fixed assets, a
growing rate of investment will be required in order to maintain a steady stock of
equipment and software assets. Assuming the stagnation in investment continues, we can
expect to see the net stock of equipment and software to decline in the future as well.
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Figure 11: Net Stock of Private Nonresidential Equipment and Software Assets, IPES-Adjusted
Quantity Index (1980=100), 1980-2011° (1980 equals 100)

Looking at Figure 7, we see three distinct periods” of change in business equipment and
software investment: relatively steady growth from 1980 to 1991; a boom from 1992 to
2000; and, net the peaks and the troughs, stagnation from 2001 to 2011. Indeed, from
1980 to 1991, equipment and software investment grew, on average, 2.5 percent per year.
From 1992 to 2000, it grew more than three times as fast, 8.8 percent per year. But, from
2001 to 2011, it grew by just 0.5 percent per year. (See Figure 13)
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Figure 12: Net Stock of Private Nonresidential Equipment and Software Assets, Ratio to GDP,
1980-2011%
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Figure 13: Average Annual Percent Change in Nonresidential Equipment and Software Investment,
IPES-Adjusted Quantities®

One final look at equipment in aggregate is to see how the picture looks when we remove
IPES assets from total equipment, leaving assets such as industrial machinery and
transportation equipment. (See Figure 14) Here, the picture over the past decade is even
worse. Instead of merely stagnant growth, non-IPES investment has declined over eight
percent since 2000.
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Figure 14: Private Nonresidential Fixed Investment in Non-IPES Equipment, Quantity Index
(1980=100), 1980-2011*

Investment in Equipment and Software by Industry

Equipment and software show different growth rates for different sectors in different
periods. Figure 15 shows the average percentage point contribution of each sector to the
growth shown in Figure 13. In other words, the sector percentage point changes in each
period of Figure 15 sum to the percent changes in each period of Figure 13.
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Figure 15: Average Annual Percentage Point Contribution to Percent Change in Nonresidential
Equipment and Software, by Sector*

The results of this decomposition are striking. Not only did equipment and software
investment show almost no growth in the 2000s, but the composition of investment went
from being spread over a broad base of sectors, especially in the 1990s, to being
concentrated in a few select sectors in the 2000s. In the 1980 to 1991 period, only
commodities and construction—and to a lesser extent, trade and transportation—put a
drag on total equipment and software growth—every other sector expanded investment
rates. Likewise, investment grew across the board in the 1992 to 2000 period, although
over 23 percent was in the real estate and financial services industry. From 2001 to 2011,
however, only three sectors—management and professional services, commodities and
healthcare—saw substantial increases in equipment and software investment. Meanwhile,
investment in sectors such as manufacturing and information fell.
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Figure 16: Nonresidential Investment in Equipment and Software, Average Share of GDP, by
Sector®

As Figure 16 shows, manufacturing led in the 1980s and 1990s but was displaced in the
2000s by finance and real estate, much of that made in the ramp up to the financial
collapse of 2008. Indeed, investment by manufacturers in the United States in equipment
and software in 2011 was 13 percent below its 1998 peak, even as GDP was 71 percent
higher.” Figure 17 shows the trend: like equipment and software investment as a whole,
manufacturing equipment and software investment increased in the 1980s and 1990s, and
then began its downward trend following 2001. And, correspondingly, the net stock of
manufacturing equipment and software assets has stagnated, as Figure 18 shows.
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Figure 17: Equipment and Software Investment in Manufacturing, IPES-Adjusted Quantity Index
(1980=100), 1980-2011*

One response to the decline in manufacturing investment might be that this is to be
expected, as “old” manufacturing industries such as textiles move offshore. However, the
investment decline is apparent in even industries where the United States is supposed to
hold a competitive advantage. Take the chemical industry, for example. The trend line on
Figure 19 shows that, on net, equipment and software investment in the chemical industry
is over 14 percent lower in 2011 than it was in 1998. As such, and much like equipment
and software investment as a whole, the net stock of equipment and software assets in the
chemical industry has stagnated in recent years, having experienced a 0.9 percent decline
since 2008. (See Figure 20)
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Figure 18: Net Stock of Equipment and Software Assets in Manufacturing, IPES-Adjusted Quantity
Index (1980=100), 1980-2011*
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Figure 19: Equipment and Software Investment by the Chemical Products Industry, IPES-Adjusted
Quantity Index (1980=100), 1980-2011*

The investment trends in the computer and electronic products industry are even worse: we
see a 36 percent decline in equipment and software investment since 2000. (See Figure 21)
Moreover, the net stock of its equipment and software assets began to fall long before that
of the private business sector as a whole. As of 2011, the net stock for this industry is 13
percent lower than its peak in 2001. (See Figure 22) This is a substantial decline when it
comes to stock, and it demonstrates in part the drag that the higher depreciation rates of
IPES can have on an industry’s capital stock as they increase as a share of the industry’s
capital stock: in 2011, IPES formed 38 percent of the computer and electronics industry’s
capital stock, compared to 31 percent for the private business sector as a whole; the share
for both was 18 percent in 1980. Indeed, in order for its stock to recover, the computer
and electronics industry would need to see significant growth in its investment; simply
treading water would still cause its stock to shrink because existing capital stock depreciates
faster than in most other industries.
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Figure 20: Net Stock of Equipment and Software Assets in the Chemicals Industry, IPES-Adjusted
Quantity Index (1980=100), 1980-2011"
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Figure 21: Equipment and Software Investment by the Computer and Electronic Products
Industry, IPES-Adjusted Quantity Index (1980=100), 1980-2011*

Even “leader” industries outside of manufacturing saw their investment rates slow in the
2000s. The information industry (which includes software, publishing, media,
telecommunications, and data processing services) is one example, as Figure 23 shows.
After peaking in 1999 and 2000 (the years of the “dot-com” bubble), investment rates fell
significantly but were back on trend line by 2007. Since then, they have fallen. Meanwhile,
investment by the finance and real estate sectors has fallen significantly since the booms of
the past two bubbles, although it has recovered somewhat since 2010. (See Figure 24)
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Figure 22: Net Stock of Equipment and Software Assets in the Computer and Electronic Products
Industry, IPES-Adjusted Quantity Index (1980=100), 1980-2011*
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Figure 23: Equipment and Software Investment by the Information Industry, IPES-Adjusted
Quantity Index (1980=100), 1980-2011"
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Figure 24: Equipment and Software Investment by the Finance and Real Estate Sectors, IPES-
Adjusted Quantity Index (1980=100), 1980-2011"

Investment in Equipment and Software Since the Great Recession

Finally, it is important to note that as the post-2008 recovery has proceeded, investment
has shown a significant level of growth in 2010 and 2011. Indeed, as a rising tide lifts all
boats, nearly every sector posted gains in equipment and software investment over the
period. This is heartening—growth is far better than decline, of course—however, there are
troubling signs amidst the good news. First, the growth—almost nine percent per year in
2010 and 2011—has been driven in large part by the rebound in the finance and real estate
sectors. In fact, in 2010 and 2011, finance and real estate accounted for over one-fourth
(27 percent) of the equipment and software investment growth over the period. By
comparison, finance and real estate accounted for just 16 percent of the investment growth
on average during the housing and Wall Street boom between 2003 and 2007. (See Figure
25) Second, compared to a decade ago, equipment and software investment is stagnant,
even taking this mini-boom into account. Even after this recent increase, investment is up
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only two percent over 2000 levels. Compare this to the 1980s, when investment grew by
43 percent, and the 1990s, when investment grew by 191 percent. Clearly, while the recent
increase in investment is a welcome sign, it is far too little to truly be called a “recovery.”

26.8%

16.7%

2003-2007 2010-2011 "recovery"
Housing and Wall Street boom

While the recent increase

in investment is a Figure 25: The Finance and Real Estate Sectors’ Average Contribution Share of the Growth in

o Equipment and Software Investment, IPES-Adjusted®
welcome sign, it is far too

little to truly be called a
“recovery.” THE CAUSES OF INVESTMENTSTAGNATION

Business investment in the United States is lackluster. The question that naturally follows

is why? While a full analysis is beyond the scope of the report, we would point to two
possible reasons. First is the decline in the competiveness of U.S. traded-sector businesses
on the global market that has been occurring, particularly over at least the past decade.
Second is the “short-termism”—the obsession with the upcoming financial report rather
than long-range planning—that pervades publicly traded businesses facing stockholder
pressures.

Declining U.S. Competitiveness

The United States’ competitive decline has been a relatively untold story over the past
decade, although its symptoms have clearly manifested in the dramatic fall in
manufacturing employment and investment since 2000, and in the sluggish, never-quite-
there “recovery” since the Great Recession.” Although it is often overlooked in
Washington, it is a failure of the United States to adapt to a global economy that is ever
more dependent on knowledge and innovation for growth—the so-called “New
Economy”—that is causing traded sector firms to look to other, more competitive
countries when it comes to choosing locations, and causing the United States to lose share
in traded sector industries. In turn, the United States loses out on the capital investment
that follows those firms overseas, which does not come as much as it once did from
overseas firms investing here.

U.S. competitive decline over the past decade has been demonstrated in numerous studies.
In 2010, the Boston Consulting Group ranked the United States just eighth in global
innovation-based competitiveness, analyzing factors such as corporate and government
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R&D investment, venture capital, and scientists and engineers, among others.> In 2011,
ITTF ranked the United States fourth out of 40 nations in innovation-based
competitiveness.” Apologists for the status quo might point out that the United States is
still in the top 10. But it is not just that we are no longer number one, as we were as
recently as the early 2000s; it is that our rank is slipping rapidly: the ITIF report found that
the United States was second-to-last out of 44 countries in the rate of change in its
competitive position between 1999 and 2011.%¢

Competitive decline has been most dramatically felt in U.S. manufacturing, the key traded
sector industry. U.S. manufacturing employment has declined 33 percent between 2000
and 2011, exceeding the loss during the Great Depression.”” And as ITIF has pointed out,
this loss was not principally due to higher productivity in manufacturing. Rather, when
measured properly, U.S. manufacturing output actually fell over 10 percent in the 2000s,
the first decline since the government began measuring output in the 1940s. Indeed, the
United States has seen its global share of manufacturing eviscerated in industry after
industry. For example, whereas the United States claimed 29 percent of the printed circuit
board (PCB) production in 1998, by 2009 that share had plummeted to eight percent.
Likewise, the U.S. share of the photovoltaic (solar panel) market cratered from 30 percent
in 1999 to less than six percent in 2008. Meanwhile, China’s position in these industries
has been the direct inverse of America’s. Its share of PCB manufacturing grew from seven
percent in 1999 to over 31 percent in 2008, and its share of the solar panels market grew
from six percent to 32 percent. The song remains the same across the manufacturing
landscape.®® That said, while manufacturing has been hard hit, isn’t the U.S. high-tech
industry doing well? Not really. After running a trade surplus for decades in high-tech
products, the United States began to run a trade deficit in this sector in the 2000s.

Another symptom of competitive decline lies in the United States’ foreign direct
investment (FDI) numbers. While many observers have touted the robustness of foreign
direct investment in the United States, it is important to realize that there are two kinds of
FDI. The first kind is FDI that is used to establish new U.S. businesses—known as
“Greenfield” investment. The second kind is FDI that is used to acquire preexisting U.S.
business (those that were previously owned by American entities). In general, the first kind
is far better for economic growth than the second kind. So, which kind of FDI dominates,
Greenfield FDI or acquisitions of existing businesses? Unfortunately, the U.S. government
has discontinued its survey of Greenfield investments, and thus the latest available data are
for 2008. However, the data from 1992 to 2008 paint a bleak picture. On average,
Greenfield FDI constituted just 14 percent of all new foreign direct investment outlays in
the United States, while acquisitions accounted for 86 percent.”” In 2008, Greenfield
investment was just seven percent of new FDI outlays. The rate of change is no better:
from 1998 to 2008, acquisition investment grew at a rate of 2.9 percent per year, while
Greenfield investment had a growth rate of -6.1 percent per year.®

When the United States loses its attractiveness as a production location for traded-sector
businesses, those businesses move, taking their investment along with them. By the same
token, fewer foreign firms make Greenfield investments here in the United States. Hence,
we see investment declines in traded-sector industry after trade-sector industry, from
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Wall Street to achieve
short-term profits has all
too often come at the
expense of long-term

investment.

information to computers to chemicals, as we demonstrated in the previous section. But it
gets worse. Traded-sector businesses provide the economic lift upon which the rest of an
economy rides. As Gene Sperling, director of the White House National Economic
Council, recently put it, “If an auto plant opens up, a Walmart can be expected to follow.
But the converse does not necessarily hold—that a Walmart opening does not definitely
bring an auto plant with it.” In other words, traded-sector firms are the “anchors” of an
economy, and when the anchor is uplifted, the rest of the economy drifts away. This means
that, not only does competitive decline reduce investment in the traded sector, but it also
reduces investment in the non-traded sector. Pizza parlors, retail stores, hair salons—you
name it—will purchase less machinery and equipment if the traded sector is declining.

But not only is lower investment a symptom of competitive decline, it is also a cause of
competitive decline. As we discussed in the section “Why Capital Investment Matters,”
since investment diffuses innovation, investment declines imply low rates of innovation
adoption. Indeed, this is true regardless of whether the country is innovating at a high rate
or not—most of those innovations are only fully utilized with investment. Moreover, while
U.S. firms pull back on investments in new innovations, companies in other nations will
continue to invest, and, as they reap the benefits of those innovations, will gain a
competitive advantage over U.S. firms within the global marketplace. Thus we start to see a
vicious spiral: declining competitiveness leads to declining investment, and then declining
investment leads to further declines in competitiveness, and so on. This is a dangerous
situation for the U.S. economy and policymakers should pay it serious attention.

Market Short-Termism

In recent decades, the pressure on companies by Wall Street to achieve short-term profits
has all too often come at the expense of long-term investment. As the Business Roundtable,
the leading trade association for large U.S. businesses, reports, “The obsession with short-
term results by investors, asset management firms, and corporate managers collectively
leads to the unintended consequences of destroying long-term value, decreasing market
efficiency, reducing investment returns, and impeding efforts to strengthen corporate
governance.”® In a 2004 survey of more than 400 U.S. executives, more than 50 percent
said they would delay new investment projects in order to meet short-term earnings targets,
even if it meant sacrifices in value creation.®> A 2013 study by John Asker, Joan Farre-
Mensa and Alexander Ljungqvist found that public firms invested substantially less than
privately held firms in terms of capital expenditures (CAPEX) and mergers and acquisitions
(M&A). Furthermore, the public firms were less responsive to changes in the investment
climate. Significantly, they found that this divergence in investment behavior was most
strong in industries where stock prices were most sensitive to current earnings. The authors
surmised that the cause was the pressure on the management of public firms to achieve
short-term profits.**

This market “short-termism” can be seen in trends in earnings reinvestment into capital
equipment verses paying earnings out to as dividends shareholders. For U.S.
manufacturers, the ratio of dividends paid to the amount invested in capital equipment
increased from the low 20 percent range in the late 1970s and early 1980s, to around 40
percent to 50 percent in the early 1990s, to above 60 percent in the 2000s. In other
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words, rather than reinvesting in capital, market pressures have forced companies to keep
share prices high by paying greater dividends (or by undertaking share buybacks). These
dividend payments increased substantially after Congress slashed the tax rate that
individuals paid on corporate dividends in 2003. This was predicted by New York
University Professor Aswath Damodaran, who stated that tax cuts on dividend income
would lead to “a dramatic surge both in the number of companies that pay dividends and
in how much they pay and a cutback on larger investments that take longer to receive a
payback.” He went on to portend: “If the desire to pay dividends causes firms to shift funds
from good investments to dividends, these firms and society will pay a price in the form of

less real investment and lower growth.”%

Harvard Business School Professor and author of the book 7he Innovators Dillema Clayton
Christensen explains that in order to present themselves in a favorable light to investors
seeking short-term returns, companies rely on accounting measures that lead to limited
investment. ” For example, Christensen writes, “There’s another [measure] called
RONA~—rate of return on net assets. It causes you to reduce the denominator—assets—
...because the fewer the assets, the higher the RONA.”% He goes on to describe how

companies in other nations view this:

Christensen recalls an interesting talk he had with the Morris Chang the chairman and
founder of one of the firms, TSMC [TSM], who said: “You Americans measure
profitability by a ratio. There’s a problem with that. No banks accept deposits
denominated in ratios. The way we measure profitability is in ‘tons of money.” You use
the return on assets ratio if cash is scarce. But if there is actually a lot of cash, then that
is causing you to economize on something that is abundant.

This pressure for short-term returns appears to help explain why capital investment in the
2000s has been stagnant. It will require in-depth analysis and innovative thinking for
policymakers to tackle it.

POLICY RECOMMENDATIONS

Given the importance of investment in machinery and equipment to economic growth, the
stagnation of the rate of investment and decline in the stock in the 2000s is alarming. Even
more alarming is that investment is declining relative to the size of the economy. Without
policies to stem the decline and stimulate new investment, productivity growth will slow, as
will growth in GDP, jobs and tax revenues. It is not too late, however, for policymakers to
put in place policies to encourage the private sector to restore investment rates.

Address Market Short-Termism

Short-termism among publicly traded U.S. businesses is an insidious problem that has
undercut U.S. capital investment rates for at least the past decade. Some groups have
focused on solutions. The Aspen Institute has proposed several key changes that could
alleviate the problem by 1) creating market incentives to encourage long-term capital
investment, including making changes in capital gains tax provisions to discourage
excessive trading and encourage long-term stock ownership, and removing the limitations
on capital loss deductibility for long-term holdings; 2) better aligning the interests of
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financial intermediaries and investors; and 3) improving the transparency of investor
disclosures.”” Others have proposed changes in corporate governance, including the
establishment of loyalty shares that encourage long-term investing by rewarding
shareholders after a set period of time.”” Still others have recommended fundamentally
changing the corporate culture.”' Wall Street could play a key role here, if it chose to do so,
with financial industry leaders acknowledging the problem and proposing solutions. But to
date they have largely been silent. As such, we submit that the first step to addressing
market short-termism is for Congress and the Obama administration to acknowledge and
take seriously the problem. The next step is to begin a detailed analysis of the problem, and
thus we recommend the following:

Establish a Task Force to Study Market Short-Termism and Recommend Policies to
Ameliorate It

The White House should establish a task force, led by the National Economic Council,
and bring together members of the Council of Economic Advisers and the Treasury
Department to study the causes and nature of short-termism, and, most importantly, to
draft a set of recommendations to ameliorate it. The task force should analyze all potential
options for reigning in market short-termism, ranging from changes to tax law to corporate
governance solutions to encouraging changes in the U.S. corporate cultures within business
schools, corporate boardrooms and “Wall Street.”

Establish a Tax Credit for Investing in Equipment and Software

For many years prior to the Tax Reform Act of 1986, companies in the United States could
take an investment tax credit (ITC). Although there have been various tax incentives
enacted temporarily since, the country currently has none. Nevertheless, studies of the ITC
have found it to be a potent tool for increasing investment. Ben Bernanke, for example,
found that “a one percentage point increase in the [pre-1986] ITC raises net equipment
investment 1.9 percent ... in the first year.””* Austan Goolsbee has found that investment
demand is “very responsive” to investment tax policy and that this results in increased
investment quantity in the medium and long run.” Likewise, Larry Summers and Alan
Auerbach found that the investment tax credit spurred investment in equipment and
growth in GDP.”* Jesse Edgerton found that the pre-1986 ITC produced a large and
significant decrease in the relative price of farm machinery.”” Some have argued that the
pre-1986 ITC was ineffectual, since investment continued to rise after its repeal. However,
Alan Auerbach and Kevin Hassett disproved this claim, finding that the increases in
investment pre-dated the credit’s repeal, and that investment following its repeal fell far
short of what would have been expected on the basis of nontax factors alone.”

Unlike the United States, other nations have significant corporate tax incentives for
investment. These include:

= Austria, where firms can receive a tax credit of six percent on the costs of education
and training their workforce;””

= Malaysia, where companies can depreciate general plant and equipment over six
years, with heavy machinery over four years, and computer and I'T equipment even
faster;’®
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= The United Kingdom, where firms can expense investment for plant and
machinery up to £250,000 in the first year;”

= Singapore, where firms can expense in the first year all computers and prescribed
automation equipment, robots and energy efficiency equipment. In addition,
companies in manufacturing and engineering services industries may receive
investment allowances for projects in addition to depreciation allowances;*

= Japan, where companies can benefit from a modestly accelerated depreciation
scheme (consisting of “increased initial depreciation” and “accelerated
depreciation”); and®'

= And Canada, where purchases of computers are eligible for a 55 percent declining-
balance capital cost allocation rate in the first year. Manufacturing equipment is
also eligible for accelerated depreciation.®

Some argue that an investment tax credit distorts corporate decisions-making away
from optimal decisions. For example, even though Summers and Auerbach found
that the ITC led to greater GDP growth, they recommended it be abolished since it
led to less “investment” in structures.® Others, like Jane Gravelle of the
Congressional Research Service, argue that “economic analysis suggests that capital is
allocated efficiently and the economy is more productive, absent some market failure
or other existing distortion, if all capital income is taxed at the same rate.”** But this
ignores the significant and mostly new analysis discussed above that suggests that
there are significant externalities from investment in equipment and software.
Moreover, it is hard to argue that markets allocate capital efficiently given the
rampant short-termism now prevalent in the U.S. economy. As such, to maintain a
competitive edge over other nations and to restore investment growth for the sake of
economic growth, ITIF recommends that Congress provide a stronger tax incentive
for investment in machinery and equipment.

Congress should enact an investment tax credit (ITC) to provide a 35 percent credit on all
capital expenditures made above 75 percent of a base amount. The ITC would be modeled
on the Alternative Simplified Research and Experimentation Tax Credit (ASC). The ASC
provides a credit of 14 percent on R&D expenditures above 50 percent of the average of
the firm’s R&D expenditures over the previous three years. Similarly, the base for the ITC
would be the average expenditures on qualifying capital equipment over the last three years,
with the credit applying to all expenditures made above 75 percent. This would cost an
estimated $45 billion per year over the next 15 years.® Because of the larger societal
economic impact of investments in equipment and software, the credit would apply only to
those investments and not to structures. Allowing for a tax credit for purchases of
equipment and software will reduce the after-tax price of investment, raising the level of
domestic investment and the productivity of firms.

If Congress does not enact an ITC, it should at least allow firms to expense, for tax
purposes, the entire cost of equipment and software in the first year instead of having to
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depreciate the costs over a number of years. While expensing allows a tax-paying entity to
deduct the full cost of assets in the year of purchase, depreciation spreads these deductions
over a federally determined asset lifetime. This costs firms more because they have less
capital in early years. However, in part because this does not affect book value of firms as
much as an ITC would, it may have less stimulative effect on investment dollar-for-dollar

than an ITC.%

CONCLUSION

Opver the last decade, U.S. business investment has stagnated and economic growth and
competitiveness have suffered. Indeed, this has been a vicious circle. As investment
declines, economic growth declines. As economic growth declines, the capital available for
investment and demand for new investment declines. If this trend continues, innovation
will slow, competitiveness will continue to decline, and productivity growth will weaken.
Thus, it is essential that policymakers make challenging this problem a top priority. While
the policy recommendations listed in this paper are not in themselves silver bullets—many
countries have similar policies in place already—they will at least put the United States on
a more equal footing in the global economy.
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APPENDIX A: MEASURING INFORMATION PROCESSING EQUIPMENT
AND SOFTWARE

According to the U.S. government, between 1980 and 2011, over 85 percent of the growth
in investment in private business fixed assets was accounted for by information processing
equipment and software (IPES). Between 2000 and 2011, that share rises to 96 percent.*”
Figure 26 shows the growth in IPES relative to the growth of industrial, transportation,
and other equipment. Between 1980 and 2011, IPES investment grew by 2,156 percent,
over 31 times faster than the next fastest growing type of equipment, transportation, which
grew by just 69 percent over the period.*® Measured IPES investment is so high relative to
the other types of investment that it completely dominates the aggregate investment
figures.
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Figure 26: Nonresidential Fixed Investment by Major Asset Type, Quantity Indexes Before
Adjustment (1980=100), 1980-2011%

Underlying this rapid growth is the high rate of technological improvement, or quality
improvement, of information-technology-based goods (and thus IPES assets). Simply put,
in order to accurately track changes in the guantity of goods over time, statistical agencies
must adjust for quality changes in those goods over time. This logic applies to output
statistics and investment statistics alike: for example, a new tractor that is twice as powerful
as an old tractor must count for more than the old tractor when you want to know how the
tractor factory’s output is changing over time or how farm investments are changing over
time. Statistical agencies use a number of different methods to adjust for quality changes,
depending on the type of good.” Unfortunately, when these methods are applied to IT
goods such as computers, the rate of quality change is extremely rapid, and this leads to
perverse statistics. For example, according to the U.S. government, the computer and
electronics industry’s output has increased by 2,186 percent since 1995, and 24,881
percent since 1980.”" It contributed to 113 percent of the growth in manufacturing output
between 2000 and 2011—that is, it grew by more than the entire rest of the manufacturing
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sector combined (which in fact declined overall).”” Now the United States is not producing
24,881 percent more computers than it was in 1980, and there is a strong argument to be
made that we are in fact producing significantly fewer computers than we were in 1995;”
instead, these enormous growth figures result from the statistical agencies’ quality change
methods when they are applied to IT goods.

Is this reasonable? Economist Milton Friedman famously argued that economic models
should be judged on the accuracy of their predictions rather than the validity of their
assumptions,” and so we will likewise not judge whether the assumptions underlying the
quality change methodologies are valid. However, we will certainly judge the accuracy of
their predictions: in the real world, computer and electronic products did not account for
113 percent of the growth in manufacturing output over the past decade. Likewise, IPES
assets did not account for 85 percent of the growth in investment over the past decade as
the U.S. government says. Nor did investment in IPES assets increase by 2,156 percent
since 1980, while the next fast growing asset type grew by just 69 percent. The typical
bank, for example, did not increase its investments in computers by over 2,000 percent in
the last 30 years. It might have gotten 2,000 times the processing power, but it didn’t in
any real sense increase its capital investment to that degree. To put it plainly, these
numbers are completely misleading. They do not correspond to the real world.

Therefore, in order to gauge the trends in U.S. investment properly, we adjust the growth
in IPES assets. To do this, we set the IPES assets to grow at their “nominal” (or
“historical,” to be precise) rates—that is, the rates of growth they have without the changes
the government makes for quality and quantity. Figure 27 shows the effect of our
adjustment on IPES assets: investment in IPES assets continues to grow rapidly relative to
other assets, but instead of growing 2,156 percent between 1980 and 2011, they grow 681
percent over the period—admittedly, still a very fast rate of growth.
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Figure 27: Nonresidential Fixed Investment by Major Asset Type, Quantity Indexes After
Adjustment (1980=100), 1980-2011%
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After adjusting the growth of IPES assets, we then combined our IPES growth rates with

the government’s growth rates for non-IPES assets to produce the investment aggregates,

such as “total nonresidential fixed investment in equipment, software and structures” or

“nonresidential fixed investment in equipment and software.” Figure 28 shows the effect

on total investment. We employed a similar methodology on the net stock statistics. (See

Appendix B for more detail.)
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Figure 28: Total Nonresidential Fixed Investment Before and After IPES Adjustment (1980=100),
1980-2011%
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To adjust the growth of information and processing equipment (IPES) assets, detailed fixed
assets data was obtained from the Bureau of Economic Analysis.”” The growth rate of the
price indexes for IPES assets™ was then set to show zero growth. The aggregation of
investment quantities and net stock quantities, and the calculation of investment
contributions proceeded as follows.

Investment Aggregations

Constant dollar values were calculated as the quotient of the “historical” dollars series and
the adjusted price indexes. Investment quantities were then aggregated over assets i and
industries j using the Fisher Ideal index,”

Vet ?1—1P"(t)c"(t) N Z?ﬂE}f‘lﬁj(f—l)Cﬁ(f)
E 12 sz() ( 1) Z?ﬂE}-’Lﬂj(f—l)Cﬁ(f—l)

where P(t) is the price index value and C(t) is the constant dollar value at time .

Q)= Qi-1)

Net Stock Aggregations

Constant dollar values were calculated as the quotient of the “current” dollars series and the
adjusted price indexes. Investment quantities were then aggregated over assets i and
industries j using the Fisher Ideal index.

Contribution Calculations

Constant dollar values were calculated as the quotient of the “historical” dollars series and
the adjusted price indexes. Contributions to percent change in investment were calculated
over assets i and industries j using the formula,

(1) = —(Pult =)+ Py(t)/ TIE) ACy (1
j > ica Ef:ﬂ: t-j-[ — 1)+ Pq( Y/T0)C, [:f —

where P(t) is the price index value, C(t) is the constant dollar value and I(t) the aggregate

Fisher price index in period t relative to period t-1.'"
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