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Introduction

The assignment for this paper is to look ahead 25 years and predict future growth rates
of U. S. labor productivity and potential real GDP. Yet we know nothing about the future
unless we understand the past. Accordingly, this paper attempts to provide information
relevant to the future by quantifying the past. Everything in this paper refers to the US and, in
contrast to much of my previous research, makes no reference to the recent divergence of
productivity growth trends between the U. S. and Europe, except to motivate the “output
identity” introduced in the first section that is essential to understanding the very different
EU/US ratios of output per capita and output per hour.

We begin with a short-term orientation by providing up-to-date productivity and
potential GDP trends based on US quarterly data through the second quarter of 2006
(henceforth 2006:Q2). The numbers provided in this paper for these quarterly trend growth
rates are new and constitute an update of my Brookings paper (Gordon, 2003) on the
“explosion” in U.S. productivity growth. We learn that the productivity explosion in 2001-04
has been unraveling rapidly in 2005-06 both through downward data revisions and a
substantive deceleration.

Next, we turn to a medium-term horizon. Relying entirely on the work of others,
especially that of Steve Oliner and Dan Sichel, and of Dale Jorgenson, Mun Ho, and Kevin
Stiroh, we summarize what is known about the contribution of ICT (Information-
Communication-Technology) investment to the post-1995 revival of U. S. productivity growth.
These authors find that, while ICT was central in the 1995-2000 revival, in contrast ICT
investment plays absolutely no role in the 2001-05 U. S. productivity growth “explosion,” and
that the sources of the explosion remain mysterious and unexplained. In this section we revisit
our own previous suggestions (Gordon, 2003) about the sources of the temporary explosion
centering on profit pressure and intangible capital.

When forecasting the future over 25 years, a longer time horizon is necessary than just
the most recent five or ten years. The core of this paper is to revisit growth in labor
productivity and multi-factor productivity (MFP) over the entire 20t century. In the decade
since my “One Big Wave” paper (Gordon, 2000a) on U.S. twentieth century economic growth,
two events have occurred that warrant a reassessment. First, another decade of data (1995-2005)
has emerged in which U. S. productivity growth has revived and, at least for a few years (2001-
04) has surged ahead of any similar period in recorded history. Second, and perhaps more
important, the 1999 conversion of the U. S. National Accounts to chain-weighted price and
quantity indexes resulted in a major upward revision in U. S. real GDP growth during 1929-48,
and this adds further support to the previous “big wave” hypothesis that productivity growth
during the middle of the twentieth century was historically unique.

The last section of the paper develops the implications of the historical analysis for
future forecasts. What span of history is relevant for a 25-year forecast, just the past 25 years or
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a longer horizon? How can we take advantage of forecastable components of future economic
growth, such as the plateau of educational attainment that already has occurred? Jorgenson
and colleagues, as well as economists at the U. S. Congressional Budget Office (CBO) have
provided forecasts going out at least over the next ten years, and we attempt to learn from their
forecasts in developing our own.

Productivity and Potential GDP Growth in U. S. Quarterly Data

Much has been written about the stunning divergence between US and European
productivity growth since 1995. After growing more rapidly than the US throughout the
postwar period and almost catching up to the level of U. S. labor productivity, Europe stalled
after 1995; its productivity growth rate declined while that in the United States revived. By one
set of PPP weights, the ratio of labor productivity in the EU-15 relative to the US was 77 percent
in 1979, reached 94 percent in 1995, and by 2004 had slipped back to 85 percent.!

The Output Identity

In this section we examine the dimensions of the post-1995 US productivity growth
revival, using the standard quarterly data on productivity growth from the BLS. We show how
the trend for labor productivity is related to that in potential output, using the “output identity”
that relates the two, and we examine data on these trends to show how trend growth in
productivity, potential output, and potential output per capita has evolved over the postwar
period. This section uses relationships and methods developed in Gordon (2003) and provides
updates through 2006:Q2.

The output identity decomposes real GDP (Y) into output per hour (Y/A), aggregate
hours per employee (A/E), the employment rate (E/L), the labor force participation rate or LFPR
(L/N), and the working-age population (N).?

YEZ ....... N (1)

The identity in equation (1) is an essential point of departure for any comparison of
economic performance in the US and Europe. During the period up to 1995, Europe almost
caught up to the level of US labor productivity (Y/A) while its relative output per capita (Y/N)

1. Data on the level of labor productivity in the EU-15 and US are obtained from
http://www.ggdc.net/dseries/growth-accounting.shtml and are compared using 1995 PPP “EKS”
exchange rates from http://www.oecd.org/datacecd/61/56/1876133.xIs. These EU-US comparisons based on
current data in the Groningen growth accounting database understate EU relative productivity for 2004 by failing to
take account of recent downward revisions in US productivity growth and upward revisions in EU productivity

growth.
2. The employment rate E/L is simply unity minus the unemployment rate, that is (1-U/L)
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stagnated at roughly 70-75 percent of the US level, implying a sharp decline in hours per capita
(A/N). A fascinating aspect of European economic performance is the post-1995 turnaround in
hours per capita (A/N) and especially in employment per capita (E/N). Dew-Becker and Gordon
(2006) ask whether the turnaround in employment per capita (Europe surging ahead while the
US fell back) was the counterpart of the turnaround in labor productivity growth in the
opposite direction (the US surged ahead while Europe fell back).

The identity in equation (1) is a useful starting point to establish notation but cannot be
used for empirical analysis in quarterly data, because it ignores the fact that the quarterly US
productivity data are published only for the private business sector and several subaggregates,
particularly for the nonfarm private business (NFPB) sector. To link sectoral productivity to
real GDP for the entire economy, the identity must be expanded to distinguish those variables
that refer to the NFPB sector (marked with a superscript B) from those that refer to the total
economy (variables with no superscripts). Total employment in the payroll survey (E?) is
distinguished from total employment in the household survey (E):

YP 4" E L Y/E" E" 5

A" E* L N  Y®/E" E ?
Equation (2) differs from equation (1) in the last two terms. The next to last term, which I call
the “mix effect,” measures the ratio of output per payroll employee in the total economy to that
in the NFPB sector. As we shall see, productivity in the total economy always grows more
slowly than in the private economy due to slow productivity growth in the government sector.
The final term measures the ratio of employment from the payroll survey to that from the
household survey.

Detrending

To distinguish long-run trends from cyclical movements, at least three methods of
detrending are available. For the broad sweep of the twentieth century examined with annual
data later in the paper, we use the “Trends through Benchmarks” (TTB) method which
establishes “benchmark years” that are claimed to be cyclically neutral. Trend growth is then
calculated as the log-linear growth rate between benchmark years. The TTB method is useful in
finessing the difficult question of what happened to U. S. trend productivity growth during the
decades of the 1930s and the 1940s when the actual output data are distorted by low utilization
in the Great Depression and high utilization during World War II.

For quarterly data during the less volatile postwar period, the most commonly used
method is the Hodrick-Prescott (H-P) filter. This allows the trend to move continuously and is
easy to understand and implement. Its primary flaw is that the estimated trends from any
given time series can exhibit wildly different behavior, depending on the smoothness parameter
chosen, and that choice of parameter is entirely arbitrary. At one extreme, the choice of a
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parameter of zero by definition yields a trend that exactly tracks every value of the series being
detrended. At the other extreme, a parameter of infinity yields a single straight log-linear trend.

The parameter endorsed by Hodrick and Prescott implies implausibly large
accelerations and decelerations of the trend within each business cycle.? In this section we use
the H-P method but impose a parameter that forces additional smoothness on the estimated
trends. An alternative technique is the Kalman filter (see Hamilton, 2004, Chapter 13), which
can be used to estimate time-varying coefficients in any type of time-series model, whether a
complex multiequation model or single equation. The advantage of the Kalman filter is that it
can include explanatory variables that are known to influence the variable being detrended, in
this case the fact that the growth rate of productivity is known to depend on changes in the
output gap. The Kalman technique also requires the choice of a smoothing parameter, and we
choose a parameter that leads the Kalman trend to look like the H-P filtered trend when the
change in the output gap is omitted from the Kalman estimate.

Most of the components of the output identity evolve smoothly over time and the choice
of detrending method does not matter. But the method does matter for productivity growth.
Figure 1 exhibits trend growth rates for US postwar NFPB labor productivity (Y#/AB), which
range from as low as 1.0 percent in 1980 to as higher as 3.2 percent in 1963. The shaded grey
line exhibits the H-P trend, and the dashed black line displays the Kalman filter that uses
current and four lagged changes in the output gap as explanatory variables.* The H-P trend
displays more sensitivity to output growth, in particular rapid growth in the mid-1960s and
slow growth in the late 1970s and early 1980s. Fortunately, both methods yield almost exactly
the same productivity growth trend of about 2.6 percent for mid-2006.

In the rest of this section we use the average of the H-P and Kalman trends, shown by
the solid black line in Figure 1, to determine the trends not only for productivity growth but for
all the seven components of the output identity, equation (2) above. The average trend for
productivity growth, shown by the solid black line in Figure 1, displays a U-shaped pattern
between its peak of 2.8 percent in 1962 through its trough of 1.3 percent in 1979 to its second
peak of 2.9 percent in 2002. The post-1995 upsurge of the productivity growth trend, as we shall
see, combines two phases. The first of these is the 1995-2000 productivity growth “revival” that
is interpreted in the literature as heavily dependent on the contribution of the production of

3. In quarterly data the standard H-P smoothing parameter is 1600. Converting to annual data and
applying this parameter to 1929-33 and assuming an initial trend growth rate of 3 percent per year, a
sustained 25 percent output gap would cause the growth rate of potential real GDP to decline from +3
percent per year in 1929 to -7 percent per year in 1933. The H-P trends estimated in this paper use a
quarterly smoothing parameter of 6400.

4. The output gap is the ratio of actual real GDP to the series on potential real GDP displayed in Figure 2.
Because potential real GDP is determined as in equation (2) in part by productivity, an initial trial value
of potential real GDP is used to calculate the output gap for the Kalman estimate of the productivity
trend, and then in subsequent iterations the potential real GDP trend is made consistent with the
productivity trend.
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information and communication technology (ICT) equipment and its use in the economy. The
second stage is the 2001-04 productivity growth “explosion” which is more mysterious and
controversial.

A crucial element of this paper is the interpretation of the post-2000 upsurge in the
productivity growth trend and its subsequent decline through mid-2006 from the 2002 peak of
2.9 percent to 2.6 percent. Is this decline likely to continue? Imminent within the next week
(November 2, 2006) is the initial release of the productivity growth data for 2006:Q3 and the
revisions that will incorporate the discovery announced on October 6 that payroll employment
in 2005-06 has previously been understated by 800,000 workers, or about 0.6 percent. It is clear
from equation 2 that the upward revision to the payroll employment data will reduce
productivity without changing potential GDP, since the final term (E*/E) exactly offsets the
change in measured productivity.

Going beyond data revisions is the substantive interpretation of slower actual
productivity growth over the past two years and even slower productivity growth likely in the
near future. To the extent that the 2001-04 explosion was temporary, then the much slower
rates of productivity growth exhibited in the eight quarters ending in 2006:Q2 might be
interpreted as more reliable indicators of future productivity growth. However, caution is
required in any extrapolation from recent growth rates of actual productivity data.

Between 2001:Q4 and 2004:Q2, actual productivity growth exceeded trend productivity
growth by 3.65 percent for the actual as contrasted to 2.92 percent per annum for the estimated
trend. This means that there was an annual excess of actual over trend in 2001-04 of 0.73
percent per year, or a cumulative excess of 1.83 percentage points. Over the period after
2004:Q2 this excess must be “paid back” in actual growth slower than trend growth before any
conclusion can be reached that trend growth has slowed down. So far, over the past eight
quarters, actual growth has fallen short of trend growth by a margin of 2.00 percent for the
actual as compared to 2.69 percent for the trend, and so over those two years the “payback” has
been -1.38 percentage points, with -0.45 points (1.83-1.38) still to come.

To translate this “payback” language into an explicit scenario, let us assume that over
the next two years actual productivity growth continues at the 2.00 rate of the past eight
quarters. Let us assume initially that the the trend continues at 2.68. This would imply a
cumulative difference between actual and trend of -1.36 percentage points (two times -0.68),
much greater than the remaining payback calculated above of -0.45 points. Our conclusion
would be that this continuing 2.00 actual growth rate is bad news for conclusions about the
trend, and that in this scenario the trend would steadily decline from 2.6 toward 2.4 or below.

The Surprising Gap between Growth in Productivity and Potential Real GDP in 2006: The
Slowest Potential Output Growth in a Century?
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We now turn to the translation of the productivity trends displayed in Figure 1 into the
potential real GDP trends displayed in Figure 2. The same H-P and Kalman filter techniques
are applied to each of the seven components of the output identity in equation (2) above, and
the average of the H-P and Kalman trends is then recorded for each of the seven components (of
these seven, one is the trend in output per hour as displayed in Figure 1).

When the trends of the seven components are expressed as index numbers and
multiplied together, they imply the trend for potential real GDP growth as displayed in Figure
2. Itis important to note that the trend for one of the seven components, the employment rate,
is not estimated but imposed as the “natural” or NAIRU employment rate that is consistent
with steady inflation. This NAIRU-employment rate is not estimated by the H-P/Kalman
method but rather is estimated as a byproduct of my recent research on the interplay between
unemployment, inflation, and a set of specified supply shocks such as oil prices and the dollar
exchange rate (Dew-Becker and Gordon, 2005, updated to 2006:Q2).

The product of the seven trends then is potential real GDP growth, and this is displayed
in Figure 2 where the trend is plotted against an eight-quarter moving average of actual real
GDP growth. Potential real GDP growth is quite stable over the postwar period and ranges
from a maximum of 4.12 percent per year in mid-1965 to a minimum of 2.73 percent in the most
recent quarter. The fact that the lowest rate of potential GDP growth is in the most recent
quarter is quite important in developing the theme of the paper that future U. S. economic
growth may be slower than many pundits are now assuming.®

The rows of Table 1 display at the top the growth rate of trend real GDP, then the seven
components of the output identity in the same order as in equation (2), and finally the growth
rate of trend real GDP per capita, that is, subtracting the trend growth rate of the working-age
population. The most surprising aspect of the data is the large current gap between growth in
output per hour and real output per capita. The five columns of Table 1 provide growth rates of
trends for the first quarter of the time period analyzed (1955:Q1), the last quarter (2006:Q2), the
mid-60s peak in potential real GDP growth (1965:Q1), the mid-80s trough (1987:Q3), and the
late 1990s peak (1997:Q2) that precedes the recent retardation.

From equation (1) above, we know in advance that output per capita grows more slowly
than productivity in the situation that afflicted Europe before 1995, namely a decline in
aggregate hours of work per capita (H/N). Indeed a decline in H/N did pull down 2006 US
growth in output per capita as compared to output per hour. But there are other and more
important contributions in the context of equation (2) above, namely the role of the sixth and
seventh components of the output identity, namely the mix effect and the employment ratio.

There is a stunning and unprecedented difference between the most recent quarter
(2006:Q2) and the other quarters shown. Previously, growth in productivity and in output per

5. There will be a feature in the Economist dated October 28, 2006, calling attention to the fact that is
evident, at least in my data, that potential real GDP growth in mid-2006 is the lowest of the past century.
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capita were always very close together, for instance, 2.18 vs. 2.16 in 1955:Q1, 2.67 vs. 2.52 in
1965:Q1, 1.51 vs. 1.69 in 1987:Q3, and 1.98 vs. 1.92 in 1997:Q2. Yet in the final quarter, as
compared with these small differences, the gap between trend productivity growth (2.65) and
trend growth in output per capita (1.55) is historically unprecedented, a full 1.10 percentage
points.

The details in Table 1 help us to understand the reason for this surprising and
unprecedented gap between growth in trend productivity and output per capita. The most
important negative demographic contribution is the negative trend rate for the labor force
participation rate, in contrast to the positive trend growth rates of LFPR displayed for the four
earlier periods. The 2001-06 decline in the LFPR has been the subject of much discussion in the
US literature, see especially Aaronson et. Al. (2006), and is now thought to be a structural rather
than cyclical phenomenon. Trend growth in hours per employee also make a negative
contribution but little more than has been typical throughout the postwar period. The data
appeared in the 1990s to suggest that the long-term decline in hours per employee that began in
the late nineteenth century might have stopped, but it clearly has reappeared in the period since
2000.

The two most important elements in the output identity that have been holding down
trend growth in output per capita relative to productivity growth are shown on the bottom two
lines, that is, the mix effect and the employment ratio. In the four periods shown starting in
1965, the mix effect — that is, the fact that output per employee grows more slowly in the total
economy than in the nonfarm private business sector — has always been negative, and indeed
was more negative in 1997 than in 2006. What is unique in 2006 is the seventh element, the
negative trend growth rate of the ratio of payroll to household employment, which was positive
in each earlier period shown. To some extent the unusual set of trend relations in 2006:Q2 will
be resolved by the forthcoming data revisions to payroll employment, but this alone is unlikely
to resolve the large gap between trend productivity growth and trend potential output growth.
In the final section of this paper we will return to the issue of what growth rates should be
forecast over the next 25 years for the seven elements of the output identity.

Interpretations of the Post-1995 U. S. Productivity Growth Revival

Thus far we have looked only at labor productivity and have not examined the
decomposition of trend growth in labor productivity between capital deepening and MFP
growth. Using lower-case letters to represent growth rates, the trend growth in multifactor
productivity (m) equals output growth minus input growth, which in turn equals the income
share of each input times its trend growth rate. Distinguishing only the growth rates of capital
(k) and labor (1) as inputs, and using the notation b for the income share of capital, we obtain
the standard relationship between MFP growth, labor productivity growth, and the
contribution of capital deepening.
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m = y—bk—(1-b)n = y-n—0b(k-n) (3)

Growth Accounting for the Revival and Explosion Stages

The literature on the post-1995 productivity growth revival goes beyond equation (3) by
distinguishing between the contribution of capital deepening in ICT and non-ICT capital, and
MFP growth in ICT and non-ICT capital. An important recent contribution is the June, 2006,
update by Oliner and Sichel of their 2000 and 2002 papers (see reference list).®

Oliner and Sichel devote careful attention to the contribution of the several important
categories of ICT capital. They divide up the different contributions of capital deepening by
type of capital and as well subdivide the growth of MFP between the contributions of the ICT-
producing sectors and the rest of the economy. Their latest calculation is displayed in Table 2
for three periods, the slow productivity growth period of 1973-95, the initial revival period of
1995-2000, and the “explosion” period of 2001-05. Their “bottom line” is shown on line 16,
which I have added to their table. The role of ICT capital-deepening and of ICT MFP growth in
overall productivity growth during 2001-05 was small, and in fact smaller than in the slowdown
period of 1973-95.

Starting at the top of Table 2, we first observe on line 1 the upsurge of US productivity
growth from 1.48 percent in 1973-95 to the initial “revival” in 1995-2001 of 2.52 percent to the
explosion in 2001-05 of 3.48 percent . The Oliner-Sichel numbers in Table 2 were developed
prior to the summer 2006 revisions in the US National Accounts, and their figure of 3.48 percent
annual growth in productivity for 2001-05 needs to be revised down from 3.48 to 3.18 percent.”

The next section of the Oliner-Sichel table subdivides a total contribution of capital
deepening in the three periods (that is, the b(k-n) term in equation 3 above) into the
contributions of ICT and non-ICT capital. The 1995-2001 period was remarkable in that ICT
capital contributed almost all of the capital-deepening effect, whereas ICT capital contributed
about two-thirds of the capital-deepening effect prior to 1995 and after 2001. The total
contribution of the ICT sector to explaining the post-2001 productivity growth was negative in
the sense that the ICT contribution both to capital deepening and to MFP growth declined
substantially while the overall growth rate of productivity, the phenomenon to be explained,
increased markedly.

Looking within the ICT contributions in Table 2, each type of ICT capital deepening
surged during 1995-2001 but then fell back in 2001-05 to rates little faster than in 1973-95.

6. Table 2 was developed by Dan Sichel and sent to me in early June, 2006, and it does not incorporate
the August NIPA revisions that reduced the growth rate of real GDP nor the forthcoming November BLS
revisions that will raise hours growth and thus reduce productivity growth.

7. This is the annual growth rate between 2001:Q2 and 2005:Q2 in the currently available BLS time series
for NFPB output per hour.
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However, the contribution of the ICT sector to MFP growth did not display this simple low-
high-low pattern. In fact, the MFP contribution of both software and communications increased
in 2001-05 relative to 1995-2001, while that of computer hardware and semiconductors declined.
Oliner-Sichel’s headline result is that ICT capital (taking the sum of Table 2, lines 3 and 10-13),
contributed only 33 percent to the recorded growth of labor productivity after 2001, smaller
than the 50 percent share for 1973-95 and the higher 75 percent share of 1995-2001.

Dale Jorgenson and co-authors (2006) arrive at similar conclusions using similar
techniques. Table 3 displays their results and is arranged differently than Table 2, showing
changes from interval to interval rather than the actual growth rates achieved within each
interval. However, their results as summarized in Table 3 are consistent with those of Oliner-
Sichel summarized in Table 2. ICT explains most of the revival in 1995-2000 compared to 1973-
95 while explaining virtually nothing of the explosion period (2000-04) compared to the earlier
slowdown period.

What was the contribution of ICT investment to the post-2000 explosion? While
Jorgenson et. Al. (2006) omitted the number in the lower right-hand cell in Table 3, it is easy to
calculate it as -0.79. That is, after 2000 productivity growth and the contribution of ICT
investment went in opposite directions, so much so that ICT investment contributed minus 79
percent of post-2000 productivity growth as contrasted with 1995-2000 growth. It is possible to
calculate the same number from the Oliner-Sichel Table 2, and it turns out to be minus 78
percent. Thus these leading scholars of American productivity conclude that ICT investment
contributes a lot to the first stage of the revival but detracts from the explanation of the second
“explosion” stage.

Substantive Explanations of What Happened after 2000

The upsurge of productivity growth between late 2001 and mid-2004, and its much more
moderate growth rate since mid-2004, supports the interpretation that I offered in Gordon
(2003). This explanation had two key components of which the first is the more important. I
argued that the most important cause of the productivity growth upsurge in 2001-03 was an
unusual degree of downward pressure on profits that led to unusually aggressive cost cutting
by business firms. A second explanation was the role of intangible capital that contributed a
source of lagged adjustment of productivity growth to the ICT boom of the late 1990s.

The first explanation (see Gordon, 2003, pp. 247-49) relies on the unusual trajectory of
corporate profits in 1992-2003 that was initially examined by Nordhaus (2002). While National
Income (NIPA) profits peaked in 1997 and declined after that as a share of national income, the
stock market focused on the measure of profits compiled by the Standard and Poors (S&P)
corporation as part of their compilation of the S&P 500 stock market average. S&P profits grew
by 70 percent between early 1998 and early 2000 and then declined by more than half between
early 2000 and early 2001. Nordhaus attributes a substantial role in this “most unusual pattern”
to a wide variety of shady accounting tricks to which corporations turned as they desperately
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attempted to pump up reported profits during 1998-2000 in an environment in which true
profits were declining. In Nordhaus” words, these tricks led to the “enrichment of the few and
depleted pension plans of the many.” The stock market bubble between 1997-2000 can be
explained in part by the divergence between NIPA and S&P profits.

The unusual trajectory of S&P reported profits in 1998-2001 placed unusual pressure on
corporate managers to cut costs and reduce employment after 2000. During the 1990s corporate
compensation had shifted to relying substantially on stock options, leading first to the
temptation to engage in accounting tricks during 1998-2000 to maintain the momentum of
earnings growth, and then sheer desperation to cut costs in response to the post-2000 collapse in
reported S&P earnings and in the stock market. The stock market collapse had an independent
effect on the pressure for corporate cost cutting, beyond its effect on the stock-option portion of
executive compensation, by shifting many corporate-sponsored defined-benefit pension plans
from overfunded to underfunded status.

A plausible interpretation of the unusual upsurge of productivity growth in 2001-03,
then, is that it was the counterpart of an unusual degree of pressure for corporate cost cutting,
in turn caused by the role of accounting scandals and corporate write-offs that led to the
unusual trajectory of reported S&P profits relative to NIPA profits. The unusual nature of
corporate cost cutting was widely recognized at the time. As the Wall Street Journal put it:

The mildness of the recession masked a ferocious corporate profits crunch that
has many chief executives still slashing jobs and other costs . . . Many CEOs were
so traumatized by last year’s profits debacle that they are paring costs rather than
planning plant expansions (Hilsenrath, 2002).

This chain of causation from the profits debacle to the 2002-03 productivity surge seems
plausible as the leading explanation of the unusual productivity behavior that cannot, as we
have seen in Tables 2 and 3, be explained by ICT investment. But it raises a central question:
How were corporate managers able to maintain output growth while cutting costs so savagely?
One explanation is that the heady atmosphere of overstated profits and an accompanying stock
market boom in the late 1990s caused corporations to become overstaffed with layers of
unproductive employees. A complementary explanation is that some of the productivity
benefits of the ICT investments of the late 1990s had delayed effects that lasted into the years
(2001-03) after ICT investment itself collapsed.

The idea that some of the benefits of ICT investment were delayed is compatible with
the influential Paul David “delay” hypothesis that he applied in parallel to the development of
electricity generating (when the payoff in manufacturing productivity in the 1920s was delayed
40 or more years after the invention) and to the development of the computer. The Oliner-
Sichel and Jorgenson et. Al. estimates in Tables 2 and 3 require that the full productivity payoff
from the use of ICT capital occurs at the exact moment that the computer is produced.
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Assuming no delay between production and installation, the computer produces its ultimate
productivity benefit on the first day of use.

Subsequent research after David’s insightful (1990) paper has suggested that the full
impacts of great inventions like electricity, the internal combustion engine, and in this case the
marriage of personal computers with the internet, may take a substantial time to come to
fruition (see Gordon 2000b). The full impact of electricity took more than 50 years to occur,
waiting on the complementary inventions of consumer appliances, radio, TV, and air
conditioning. The full impact of the internal combustion engine required the complementary
inventions of supermarkets and superhighways. Similarly, many of the complementary
innovations made possible by the invention of the internet came to fruition in 2001-04 after the
investment boom had collapsed, including the notable example of the airline check-in kiosk that
barely existed in 2000 and now in 2006 is universal. Several authors have gone further than
David’s “delay” hypothesis by modeling the role of business learning, that they call “intangible
capital,” in shifting the time path of the investment and the payoff of those investments.®

Implications of Explanations for Future Growth

To speculate in 2003 about the causes of the then-evolving productivity growth
explosion was risky, but as the data have evolved between 2003 and 2006 those hypotheses
seem more plausible.” The pressure on costs and to layoff workers reached a peak in 2001-2002,
and productivity growth exploded. Since 2003 profits have increased rapidly and productivity
growth has slowed. The “intangible capital” hypothesis is also inherently temporary unless a
second era of rapid increases in ICT investment occurs, but so far that has not happened.

Viewed from the perspective of late in the year 2006, the US 2001-04 productivity
growth explosion increasingly looks like a one-off, unique, temporary phenomenon. In
particular, I find ever less plausible the view, common in the late 1990s, that ICT investment
had a magic quality that would break through all previous boundaries set by the scarcity of
economic resources. Doubtless the invention of the internet has revolutionized industries
ranging from university libraries to bookshops, but that revolution is over. University libraries
have already replaced card catalogues by computer terminals, and Amazon (together with
Barnes and Noble and Borders) has already achieved its goal of pushing independent
bookshops out of business.

My interpretation of the ICT revolution is that it is increasingly burdened by
diminishing returns. The push to ever-smaller devices runs up against the fixed size of the
human finger that must enter information on the device. Most of the innovations since 2000
have been directed to consumer enjoyment rather than business productivity, including video
games, DVD players, and I-pods. Readers of this paper who actively create economic research

8. See Basu, Fernald, Oulton, and Srinivasan (2003) and Yang and Brynjolfsson (2001).
9. The Gordon (2003) paper went to press almost exactly three years to the day prior to the current
Groningen conference.
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might ask themselves what has happened to improve their productivity since the invention of
“Office 97” (including MS Word and Excel), other than the arrival in their home offices of
broadband internet in contrast to the feeble dial-up connections of the late 1990s?

And what about Europe? Europeans use cell phones and web connections as much or
more than Americans (admittedly with substantial variation between Scandinavia and the Olive
Belt). But what good has this done? As they have adopted their desktops and laptops
equipped with Intel processors and Microsoft software, Europeans have experienced a steady
slowing in the growth rate of their output per hour, and indeed of their output per capita. The
failure of Europeans to achieve accelerated growth in productivity after 1995, as occurred in the
US, shifts the focus of causal explanations away from universal technological advances such as
the internet, to country-specific environmental factors that encourage or discourage growth.
The Groningen research that has made us aware of the enormous difference between
productivity growth in US vs. EU retailing, despite the universal adoption of bar-code scanning,
has pointed to non-electronic sources of cross-country differences, starting with land-use
restrictions and planning.!® This author walks around the central cities of Europe and notices
many things, but particularly the protection of ancient inner-city shopping districts in which
basic commodities are sold in cramped aisles and with less self-service than in the median
American retailer.

The goal of this paper is to find something useful to say that will help us make forecasts
25 years ahead of growth in US output per hour and potential GDP. So far interesting issues
have been identified without resolution. The first section devoted to the quarterly data and
output identity leaves open whether the unique 2006 gap between trend growth in productivity
and potential output will continue or disappear. The second section which has identified the
disconnect between ICT investment and the 2001-05 US productivity growth “explosion” makes
that upsurge look temporary rather than permanent and adds urgency to our need to determine
which part of pre-1995 history is relevant to forecasting productivity growth into the future.
This suggests a strong motivation to re-examine the 20t century history of growth in output,
labor productivity, and MFP.

A Re-Examination of 20* Century History

We now turn to a longer-term perspective on economic growth since the late nineteenth
century. We begin with a simple calculation of output, conventional inputs, and MFP growth
for 1891-2005, dividing up those 115 years into nine subintervals between benchmark years that
are chosen to be cyclically neutral and thus to skip over years influenced by war, recessions, or
depressions. These data are then compared for the postwar period with the BLS computations
of MFP growth that implement adjustments for capital composition, the so-called “capital

10. The first policy recommendation in Baily and Kirkegaard (2004, p. 7-8) is to reform land-use planning
in Europe.
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quality” correction that has long been advocated by Dale Jorgenson and his co-authors.
Building on earlier research in Gordon (2000a), we attempt to extend adjustments for capital
and labor quality back before 1948 and in addition to make additional adjustments to capital
input.

BEA and Kendrick Data for MFP since 1891

The results of our initial data exercise are displayed in Table 4 for the nonfarm private
nonhousing economy. The concept of labor is total hours and for capital is the total capital
stock, with structures and equipment weighted equally using inflation-adjusted dollar weights.
There are no adjustments for changes in labor or capital quality. Benchmark years are chosen to
be 1891, 1913, 1928, 1950, 1964, 1972, 1979, 1988, 1996, and 2005. Current NIPA data are linked
to Kendrick’s (1961) data in 1929 for output, 1948 for labor input, and 1925 for capital input.

The top section of Table 4 exhibits our newly calculated results with NIPA data current
as of October, 2006, whereas the middle section displays results for the same concepts and time
intervals from Gordon (2000a, Table 1), and the bottom section displays the difference between
the growth rates based respectively on the new and old data. The theme of the earlier paper
was the “one big wave” of US MFP growth that began around the time of World War I, peaked
in the 1928-50 interval, and then ebbed after 1972. One notes in the old data that MFP growth
increased after 1913 and again after 1928 and then slowed successively after 1950, 1964, and
1972.

There are three important differences in the new data. First, the crescendo in 1928-50 is
substantially stronger than before, with MFP growth in that interval 1.06 points higher than in
1913-28 (compared with 0.48 points in the old data) and 1.30 points higher than in 1950-64
(compared with 0.43 points in the old data). In the bottom section we note that data revisions
have increased the growth rates for the 1928-50 interval by 1.33, -0.24, 1.26, and 1.12 for output,
labor, capital, and MFP, respectively."" Second, for the period after 1964 output growth has
been revised upwards more than the data on labor and capital, implying substantial upward
revisions of MFP growth. Third, and most obviously, we now have nine more years of data
after the previous terminal year of 1996, and the resulting rate of MFP growth in 1996-2005 is
faster than in any other interval shown but the 1928-50 “big wave” period, although MFP
growth in 1996-2005 is only slightly faster than the third-place interval 1913-28.

BEA Data Compared with BLS MFP Data, with and without Composition Adjustments
If we were interested only growth in labor productivity and in MFP for the postwar

years, we would not need to put together data series from the BEA and Kendrick sources,
because the BLS has already done the job for us. Our previous examination of the BEA-

11. The NIPA revisions for 1929-48 were introduced in the benchmark revision of August, 1999. They
combine the influence of chain-weighted deflators that increase more slowly than the previous fixed-
weight deflators, and in addition the growth rate of nominal GDP was revised upwards. In a subsequent
version of this paper, I plan to study these revisions and examine the effects of alternative price weights.
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Kendrick series results from our interest in what happened to growth in labor productivity and
in MFP for the years before 1948 (the starting date of the BLS series).

The BLS calculates MFP by subtracting from output growth not only the growth of labor
hours and growth in the capital stock, but it also subtracts the contribution of changes in labor
and capital composition. Its labor composition adjustment is based on subdividing the labor
force into cells by age, gender, and educational attainment, and then weighting by the labor
compensation earned in each cell. Thus a shift in composition toward more educated workers
will yield a positive labor composition adjustment, while the increase in the share of teenagers
in the 1960s and 1970s caused by the baby boom yielded a negative labor composition
adjustment. The BLS capital composition adjustment results from aggregating different
components of the capital stock (structures, ICT equipment, non-ICT equipment, inventories,
and land) using weights based on the user cost of capital. Because of rapid depreciation, one
dollar of ICT equipment receives a higher weight than one dollar of non-ICT equipment, and
one dollar of non-ICT equipment receives a higher weight than one dollar of structures.

The basic series released by the BLS contain data only on their composition-adjusted
“labor input” (as contrasted to labor hours) and “capital services” (as contrasted to the capital
stock). However, the BLS web site has extensive information that allows us to create Table 5
and to compare BLS series with their BEA counterparts used in Table 4. The middle section of
Table 5 simply copies the post-1950 growth rates of output, inputs, and MFP from the top
section of Table 4. Then the top section of Table 5 reports BLS growth rates for output and for
labor and capital inputs without composition adjustments. Except for measurement and
definitional issues, these should be the same as their BEA counterparts in the middle section.
Also reported is the growth rate of BLS “non-adjusted MFP”, using the BLS income shares to
calculate MFP growth by subtracting growth in unadjusted labor hours and the unadjusted
capital stock.

The three right-hand columns of the top section report the contributions to output
growth of the labor and capital composition adjustments. Note that the labor composition
adjustment is slightly negative during 1964-72, when the baby-boomers entered the labor force
as inexperienced teenagers. The labor composition adjustment was also held down between
1964 and 1988 by the entry of females into the labor force. Given the increasing importance of
computers in recent years, it is somewhat surprising that the capital composition contribution
was roughly similar in each of the six periods.!?

The final column in the top section reports the “adjusted” growth rate of MFP, that is,
the officially reported BLS series on MFP growth that incorporates the composition
adjustments. Because the composition adjustments sum to a positive number between 0.52

12. The numbers shown in the top section of Table 5 are not the composition adjustments themselves but
rather their contributions, calculated by multiplying the labor and capital composition adjustments by the
income shares of labor and capital, respectively.
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percentage points in 1964-72 to 0.93 percent in 1979-88, the adjusted MFP growth rate is always
lower than the unadjusted MFP growth rate.

The bottom section of Table 5 subtracts the BEA-based numbers from the unadjusted
BLS numbers, and we find differences that are surprisingly large. While differences for output
and labor hours are quite small, differences for growth in the capital stock are relatively large
and always negative, while differences for MFP are always positive and relatively large in the
first two periods, 1950-64 and 1964-72. Some part of the differences may be due to a differing
treatment of residential capital, since our BEA series exclude all residential capital while the BLS
includes residential income-generating rental property.

Adjustments for Labor Composition Prior to 1950

This section develops composition adjustments for labor and capital in the period prior
to 1950 and also calculates additional adjustments to the quantity of capital. Each of the
adjustments made in this section is based on the analysis of Gordon (2000a, pp. 61-73), and there
is no new research here other than to apply the previous research to the revised data
summarized above in Table 4.

The first adjustment is for labor quality and is based on the extensive analysis carried
out by Edward F. Denison in his well-known books on the sources of US economic growth. We
reject two of Denison’s (1962) controversial assumptions, first that effort per hour increased as
hours per week decreased between 1909 and 1957, and second that part of the reward to
educational attainment reflects innate ability rather than the contribution of education itself.
While either assumption is debatable, neither is adopted by the BLS in their postwar data on
MEFP growth, and we want to adhere as closely as possible to the BLS approach.

The first line in Table 6 shows the Denison hours adjustment, based on the assumption
that the elasticity of productivity (i.e., the effectiveness of an hour of work) to declining labor
hours declined steadily from a negative unity in 1913-28 to about -0.2 in 1972-79. The second
line shows his adjustment for educational attainment which includes two components that are
not part of current BLS practice. First, he adjusts for increasing educational attainment using
earnings weights but then multiplies the result by 0.6, assuming that the remaining 0.4 of
earnings differences reflects innate ability rather than the contribution of education. Second, he
assumes that any percentage increase in the number of school days per year has the same effect
on productivity as a similar percentage increase in the number of school years per person. Our
alternative education adjustment displayed on line 4 eliminates Denison’s adjustments for the
length of the school year and for ability."

13. Eliminating the ability adjustment for 1913-28 in Denison (1962) requires dividing his adjustment for
increasing school years by 0.6, whereas after 1928 the correction is applied to another book, Denison
(1979), and involves dividing through by 0.8.
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Our alternative labor composition adjustment includes the alternative education
component and Denison’s age-gender effect, that is, line 5 is the sum of lines 3 and line 4. For
comparison we show the BLS labor composition adjustments for the post-1950 and note that
they are uniformly lower, perhaps because their data (obviously more recent than Denison’s)
places more importance on the negative age-sex adjustment and less importance on the positive
correction for educational attainment.'

Adjustments for Capital Compositions before 1950

The BLS makes adjustments for the composition of capital in its postwar MFP data by
weighting each type of capital by its user cost. Pending further research on the user cost of
capital prior to 1950, we calculate a capital composition adjustment in this section by a rough
approximation. The BLS capital composition effect reflects both the rising share of short-lived
equipment to structures, and the rising share of short-lived ICT equipment within the total of
capital equipment. To determine the relative importance of the composition effect before 1950,
we have recalculated our BEA capital stocks alternatively with equal dollar weights and with a
weight of three dollars on each dollar of equipment and one dollar for each dollar of structures.

In Table 7 the first column shows that the growth rate of capital with the 3:1
recalculation in 1928-50 is 0.47 percent faster than with the basic 1:1 calculation. Comparing the
3:1 effect in the post-1950 period with the BLS capital composition effect, we note that the BLS
result is about three times higher than our 3:1 approximation, reflecting some combination of a
higher relative user cost of equipment and also the compositional effect within equipment
toward shorter-lived items. As a rough approximation, we take the ratio of our 3:1 correction
for the post-1950 period to the BLS capital composition effect, which turns out to be 0.3, and
apply this to the three periods prior to 1950.

Revising the Quantity of Capital

An important error in standard measures of capital input is the assumption that service
lifetimes are fixed. Yet Feldstein and Rothschild (1974) have argued from a theoretical
perspective that a fixed retirement pattern is not optimal, and Feldstein and Foot (1971) showed
on the basis of firm-level data that retirement patterns are variable and depend on firm cash
flow and on the state of the economy-wide business cycle. The issue of variable retirement was
mainly important between 1930 and 1950 when gross fixed investment was very low. Standard
capital measures assume that structures and equipment were being retired on a fixed schedule
during these two decades even though nothing was being built or purchased to replace the
capital that was allegedly being retired. Yet Chicago’s Loop and Manhattan’s Midtown were
not littered with vacant lots during the 1930s and 1940s; the old buildings were still there, and
so was the old equipment which made such a contribution to America’s production
achievement during World War II

14. A labor composition effect of 0.5 is applied to the pre-1913 period to reflect increasing educational
attainment, particularly at the elementary school level, as explained in Gordon (2003), pp. 65-66.
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The method developed in Gordon (2003, pp. 70-71) is to make the ratio of retirements to
capital, relative to its historic mean, depend on the ratio of gross investment to capital, also
relative to its historic mean. This procedure implies that retirements are reshuffled among the
years between 1925 and 1996, but that the average retirement rate over the entire period is
maintained at the same level as in the BEA data. The effect as shown in column (3) of Table 7 is
substantially to raise the growth rate of capital in the 1928-50 period and to reduce it thereafter.
The data for this adjustment are taken from Gordon (2003) and no further calculations have
been made for the period since 1996.

Two types of capital financed by the government enter the production function of the
private business economy and should be included in private capital input. Part of the sharp rise
in US output during World War II was made possible by government-owned privately-
operated (GOPO) capital. Initially the government did not keep track of this stock of capital,
but after I studied this phenomenon and estimated its magnitude (Gordon, 1969), the BEA
began to keep track of GOPO capital and provides estimates that we can use in this historical
retrospective (see Wasson, Musgrave, and Harkins, 1970). GOPO capital makes a small
addition to the growth of capital input in 1928-50 and then reduces it after 1950 as the wartime
plants (many of which were converted to civilian use in the late 1940s) were eventually retired.

A related problem is that a substantial part of government-owned infrastructure serves
as an unmeasured input to production in the private sector. Over the twentieth century there
was a gradual shift over time in the transportation sector from privately-owned railroad capital
to government-owned highways, airports, and air-traffic control facilities. We rely on
Fraumeni’s estimates of highway capital. As shown in column (5) of Table 7, highway capital
added to the growth rate of capital input in each period before 1972 and reduced capital input
growth thereafter.

The total adjustment to capital input varies over time but reaches by far its highest
impact in the “big wave” period of 1928-50, due to the combined effects of capital composition,
variable retirement, GOPO capital, and highway capital. The effect was smallest in 1950-64
when the variable retirement effect was being reversed. The capital adjustment was
substantially higher in 1979-2005 than in 1950-79, at least in part because the BLS composition
adjustments reflect the shift within equipment toward ICT capital during the later interval.

Alternative Measures of MFP Growth

The end result of the research in this section has been to develop several adjustments to
the growth of labor and capital input. For the period since 1950 the labor and capital
composition effects are taken from the BLS, and we develop composition effects by similar
methods that are applied to the period 1891-1950. In addition we make three adjustments to the
growth of capital input beyond the BLS methodology, adjusting for variable retirement, GOPO
capital, and highway capital.



Future and Past, page 18

Table 8 displays the results. Column (1) shows the same unadjusted growth in MFP as
was displayed in the top section of Table 4. Column (5) shows the adjusted growth in MFP with
the full set of adjustments, and column (6) shows the difference made by the full set of
adjustments. The largest downward adjustments are in the “big wave” period when
unadjusted MFP growth was the highest, but there is no consistent tendency for the
adjustments to be negatively correlated with unadjusted MFP growth. The “big wave” period
1928-50 retains its first place in column (5) by a substantial margin. The adjustments tend to
create a rough uniformity in MFP growth across five of the remaining periods — 1891-1913,
1913-28, 1950-64, 1964-72, and 1996-2005, with an average adjusted MFP growth rate in these
five periods of 1.22 percent per year.

What do these results for MFP growth imply for labor productivity growth? A glance
back at the BLS data in Table 5 show that the difference between unadjusted growth in output
per hour and BLS-adjusted MFP growth over the full 1950-2005 period is 1.06 percent with
relatively little variation across periods. Over the past 115 years the adjusted growth rate of
MFP has been 1.02 percent per year, which added to the 1.06 would yield a “normal” growth
rate in unadjusted labor productivity of 1.06+1.02 or about 2.1 percent per year. This contrasts
with the trend estimate developed in Figure 1 above that NFPB labor productivity in mid-2006
was running at 2.62 percent per year.

The results on adjusted MFP growth raise numerous questions about which we can only
make suggestions. Why was adjusted MFP growth so low between 1972 and 1996 and so high
between 1928 and 1950? Should we accept a “normal rate” of adjusted MFP growth of about
1.2 percent as occurred in five of our nine intervals? These issues are discussed in the final
section about forecasts for the next 25 years.

Conclusion:
Forecasting Productivity and Real GDP Growth Over the Next 25 Years

When I started writing this paper, I wondered what there would be to say in the final
section about forecasts. One stands on relatively solid ground when talking about the past, but
feels as if floating in a haze when looking out 25 years into the future. But, somewhat
surprisingly to me, the examination of data in this paper comes up with an amazing coincidence
that guides the 25-year forecast.

The coincidence consists of two numbers that are the same. When forecasting ahead for
25 years, one’s first instinct is to examine the actual numbers for the last 25 years, and this is
done in the left half of Table 9. The average annual growth rate of NFPB labor productivity
since 1981 in BLS quarterly data has been 2.10, significantly slower than the 2.62 point trend for
mid-2006 estimated from quarterly data in Figure 1 above and its accompanying discussion.
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Thus if there is any tendency for productivity growth to revert to its mean, then there is a strong
likelihood that productivity growth over the next 25 years will be closer to 2.1 than to 2.6.

The coincidence comes from the historical analysis in this paper. The average growth
rate of adjusted MFP over the past 115 years (Table 8, column 5) has been 1.02 percent. Add to
this the average excess of actual (unadjusted) labor productivity growth over adjusted MFP
growth in the BLS postwar data from 1950 to 2004, which is 1.06 percent. Lo and behold, these
two numbers add up to 2.08, almost identical to the actual rate of productivity growth since
1981.

Do we have any good reasons to suspect that the next 25 years will deliver a
significantly faster growth rate of unadjusted labor productivity than the last 25 years?
Similarly, is there any good reason to think that adjusted MFP growth will exceed the rates that
were achieved in 1891-1928, together with 1950-72 and 1996-2005? When we add those realized
adjusted MFP growth rates to the recorded relationship since 1950 of average labor productivity
to adjusted MFP growth, we keep coming back to a NFPB productivity growth rate of 2.1
percent per year. One thing we do know that supports this relatively pessimistic conclusion is
based on the research of Jorgenson, Ho, and Stiroh (2006), who show that educational
attainment has reached a plateau in the US, implying that the improvement in labor quality (the
BLS labor composition effect) will gradually decline toward zero over the next 10 to 15 years.

My view, expressed in Gordon (2000b) and elsewhere, is that the fundamental driver of
adjusted MFP growth is innovation, and that innovation exhibits ebbs and flows over time. The
“Great Inventions” of the late nineteenth century, especially electricity and the internal
combustion engine, propelled MFP growth through most of the 20t century until those
inventions had been exploited, at least in the US, around 1970. By the early 1970s the country
was electrified, air conditioning had allowed manufacturing and service industries to spread
across the south and southwest, consumer appliances had liberated women, radio and TV had
ended isolation and brought the world into the living room, the interstate highway system was
largely built, and the population had moved to the suburbs.

Perhaps it is not so surprising that the opportunities to exploit technology were limited
between 1972 and 1995. Then came the upsurge of the contribution of ICT capital to economic
growth, and according to the results in Tables 2 and 3 from Oliner-Sichel and Jorgenson-Ho-
Stiroh, the duration of the contribution of this invention was surprisingly short-lived, leading to
the skepticism I have previously expressed as to whether the invention of the PC and internet
deserves to be called a “Great Invention” of the magnitude of electricity and the internal
combustion engine, or something in the next category of greatness.

Returning to Table 9, once the future growth rate of NFPB labor productivity is
established, it becomes relatively easy to set out the future growth rates of the other
components of the output identity (see Table 1 above). The most controversial issue is future
US population growth, currently projected by the Social Security Trustees over the next 75 years
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to decline to 0.2 percent per year from 1.2 percent per year over the past two decades. In turn,
population projections turn on the future of immigration, will it decline by half as a share of the
population, as assumed by the Social Security Trustees, or will its population share stabilize or
even grow further? In Gordon (2003, Table 11), I adopted a relatively optimistic assumption
about immigration and projected out population growth at 1.0 percent per year for the next two
decades. However, increased political pressure for enforcement of the US-Mexican border
raises the probability that illegal immigration will be curbed, and accordingly my population
growth forecast has declined to 0.8 percent.

Growth in output was propped up in the 1981-2006 period by growth in the labor force
participation rate due to the last stages of the influx of women into the labor force, and an
increase in the employment rate as the economy’s natural unemployment rate experienced a
one-time decline from about 6 percent in the early 1980s to about 5 percent after the mid-1990s.
I do not see any reason to expect any similar changes in the future, and so the only non-zero
elements in my forecasts on the right side of Table 9 are for a small continuing decline in hours
per employee and a “mix effect” (slower productivity growth in the total economy than in the
NFPB sector) that exhibits somewhat slower negative growth than in the past 25 years.

The bottom line is that projected NFPB productivity growth is a mere 2.1 percent, equal
to its average of the last 25 years and plausibly consistent with typical MFP growth over the
past 115 years. The big shock, at least to pundits and business planners, is that potential real
GDP growth is likely to decline to only 2.5 percent per year, its lowest growth rate over any
similar period over the last 150 years. By examining short-term quarterly data, medium-term
annual data, and longer-term data over the past century, this paper despite its controversial
conclusion forces upon the current debate a discipline regarding numbers. For those who
disagree about the pessimistic conclusion, there is an obligation to pick out the numbers that are
wrong or dubious and come up with better numbers to propel the discussion.
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DATA APPENDIX

This data appendix provides a guide to the sources used in the figures and tables.
Figures 1 and 2 and Table 1

The seven components of the output identity are obtained from BLS data. Private business
employment was obtained from Phyllis Otto of the BLS, and BLS household data on population
are smoothed to eliminate periodic jumps in census years. Details on specific series and the
method of smoothing can be found in Gordon (2003), pp. 275-7.

Table 4 on Twentieth Century Growth

Private Nonfarm Nonhousing Output. From 1929 the source nonfarm private business output in
2000 dollars from NIPA Table 1.3.6 minus gross housing value added from line 14 of the same
table. For 1891-1929 the source is Kendrick (1961), Table A-III, p. 298 for GDP minus
government and farm output, but not excluding housing output.

Labor Input. From 1948 the source is hours worked in the nonfarm private business economy
from NIPA Table 6.9 minus hours worked in real estate, where the latter takes real estate
persons engaged from NIPA Table 6.8 and applies hours worked per employee for the broader
finance, insurance, and real estate sector from Table 6.9. For 1891-1948 the source is private
nonfarm manhours from Kendrick (1961), Table A-XXIII p. 338.

Capital Input. From 1925 the source is Tables 4.1 and 4.2 of the Fixed Assets section of the BEA
web site. For 1891-1925 the source is nonfarm private nonresidential capital stock from
Kendrick (1961), Table A-XVI, p. 323.

Multifactor Productivity Growth. This is calculated from output, labor input, and capital input, by
using uniform weights of 0.7 for labor and 0.3 for capital.

Table 5 on BLS MFP Data

All data were obtained from the BLS web site. Growth rates for 1950-88 were calculated from a
text file “mfp2ddod.txt” available for the discontinued SIC-basis data for 1948-2002, and growth
rates for 1988-2004 were calculated from a downloadable Excel file “mfptables.xls”. These
tables provide separate series on hours, composition-adjusted labor input, the size of the labor
composition adjustment. They also provide separate series on capital services and the size of
the capital composition effect, allowing the capital stock to be calculated indirectly. The income
shares of labor and capital are included, allowing MFP to be calculated either with unadjusted
labor hours and the capital stock, or the adjusted series on labor input and capital services.
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Table 7 on Capital Adjustments

Source by Column:

(1)

()

(4)

()
(6)

The stock of BEA equipment and nonresidential structures used to compute the
capital stock in Table 4 was reweighted by multiplying the real dollar value
of equipment by three. The difference between the annual growth rate of the
reweighted and unweighted capital stocks is the capital composition effect in
column (1).

The BLS capital composition adjustment from the sources for Table 6 is displayed
in column (2) for 1950-2004. The capital composition adjustment for 1913-50
computed in column (1) is divided by the postwar ratio of column (1) to
column (2), namely 0.30.

The ratio of the variable retirement capital stock to the fixed retirement capital
stock was taken separately for structures and equipment from Gordon
(2000a), p. 72. These ratios were applied to the revised BEA capital stock
data used in the calculations of Table 1.

GOPO capital was taken from Wasson, Musgrave, and Harkins (1970), Table 7
and restated from 1958 to 2000 dollars.

Highway capital data for 1921 to 1995 was provided by Barbara Fraumeni

Column (6) is the sum of columns (2) through (5).

Table 8 on Adjusted MFP Growth

(1)
()

Column (1) is identical to MFP growth in the top section of Table 4.

Column (2) is equal to column (1) minus the labor income share times the labor
composition adjustment, from the BLS after 1950 and as reported in line 5 of
Table 6 before 1950.

Column (3) is equal to column (2) minus the capital income share times the
capital composition adjustment, from Table 7, column (2).

Column (4) is equal to column (3) minus the capital income share times the effect
of variable retirement as calculated in Table 7, column (3).

Column (5) is equal to column (4) minus the capital income share times the effect
of GOPO and highway capital as calculated in Table 7, columns (4) and (5).

Note that in Table 8 the capital income shares are taken from the BLS MFP sources used
in Table 5 for each interval of the postwar period and are extrapolated before 1950 by
taking the 1950 shares of roughly 0.68 for labor and 0.32 for capital.
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