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Because volatile short-term movements in productivity growth obscure the underlying trend,
shifts in this trend may go unvecognized for years—a lag that can lead to policy mistakes and
hence economic instability. This study develops a model for tracking productivity that brings in
additional variables to belp reveal the trend. 'The model’s success is evident in its ability to detect

changes in trend productivity within a year or two of their occurvence. Currently, the model
indicates that the underlying trend remains strong despite recent weak productivity data.

conomists since Adam Smith have regarded

productivity growth as the key driver of long-

run improvements in living standards.! But
while productivity’s contribution to the population’s well-
being is widely acknowledged, its underlying trend has
proved to be difficult to track. Labor productivity—output
per hour of work—has risen at an average annual rate
of 2.3 percent in the U.S. nonfarm business sector during
the post—World War II period.? With the benefit of hind-
sight, however, we know that trend productivity growth
has differed markedly from this average over extended
periods of time. In particular, it substantially exceeded
2.3 percent from 1948 to 1973, and again after 1996, and
fell far short of 2.3 percent between 1973 and 1995.
Significantly, these shifts in trend were not detected until
well after their onset.

The difficulty in assessing the trend in productivity
growth stems primarily from the extreme volatility of
quarterly growth rates. In any one quarter, annualized
growth rates in excess of 5 percent or below zero are com-
mon (Chart 1).” Moreover, the volatility is not confined to
short-term movements in this series; productivity growth

also fluctuates with the business cycle, typically declining
during a recession and rising sharply at the onset of a
recovery. Thus, economists cannot easily distinguish
changes in trend productivity from quarterly or cyclical
swings, and years may pass before a trend shift can be
ascertained.

Not surprisingly, the misidentification of trend changes
can have significant consequences for the economy. It is
widely believed, for example, that the inability to recognize
the slowdown in trend productivity growth in the early
1970s led policymakers to overestimate potential GDP
growth and set interest rates too low—actions that con-
tributed to double-digit inflation over the next several years.

In this edition of Current Issues, we present a methodol-
ogy for tracking productivity growth that is designed
to distinguish between permanent and transitory move-
ments. We apply this methodology to real-time data—
the data historically available at each point in time—to
discern trend shifts that are often obscured by the volatility
of the productivity numbers. Specifically, we construct a
statistical model that includes, in addition to productivity,
two variables that economic theory predicts will move
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Chart 1
Quarterly Nonfarm Productivity Growth
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Source: U.S. Department of Labor, Bureau of Labor Statistics.

Note: The data are expressed as annualized percentage rates.

together with productivity over the long term: real (inflation-
adjusted) consumption expenditure and real labor compen-
sation. By looking at all three of these economic series at
once, the model can more easily uncover the trend that
underlies them all. In this respect, our approach resembles
the way policymakers gauge the current state of the economy
by extracting a signal, with the help of an analytical frame-
work, from a wide array of noisy indicators.*

Our model allows for shifts between high- and low-
growth productivity “regimes” and, at each point in time,
yields an estimate of the probability of being in one regime
or the other. We find that it is largely successful in detecting
the shifts from one regime to the other, using only the data
then available. Most notably, the model would have done well
in recognizing the nature of the acceleration in productivity
in the second half of the 1990s. While many economists at

ISmith ([1776] 1937) emphasized specialization as the source of productivity
growth: In The Wealth of Nations, he wrote, “It is the great multiplication of the
productions of all the different arts, in consequence of the division of labour,
which occasions ... . that universal opulence which extends itself to the lowest
ranks of the people” Later economists have focused on the development of
new technologies as a spur to productivity gains.

ZResearchers typically focus on the nonfarm business sector because it comprises
most of the private economy and eliminates the farm sector, where short-run
productivity is dominated by transitory movements attributable to weather and
other nontechnological factors.

3Such readings have occurred 43 percent of the time since 1947. The standard
deviation of quarterly nonfarm productivity growth (annualized) has been
nearly 4 percentage points around the mean of 2.3 percent in this period.

“For example, Federal Reserve economists Carol Corrado and Lawrence Slifman
(1999) base their views of underlying productivity growth on the behavior of
profits and prices.

the time argued that the productivity gains of this period
were cyclical, our model would have identified the faster pro-
ductivity growth as a permanent change, and would have
done so within two years of when the change occurred—
well before any consensus had formed about the trend shift.

Our analysis also shows that the model can profitably be
used in the current environment to monitor the risk of a
return to a low-growth regime. Despite significant slow-
downs in actual productivity growth after 2000, the model in
real time continued to be optimistic—accurately, as it turns
out—about the trend through the first half of 2005.
Estimates in the third quarter of 2005 seemed to point to a
shift toward lower trend productivity growth, but the most
recent data from the model reaffirm that productivity
growth is hewing to the high-growth path it has followed
since 1996.

Trend Shifts in the Postwar Period

With the advantage of hindsight, economists have been able
to chart the trend in productivity growth in the postwar
period. Close to 3 percent from 1948 to 1973, the average
growth rate of nonfarm output per hour fell to 1.5 percent
between 1973 and 1995, then returned to approximately
3 percent from 1996 to the present. At the time these shifts in
trend occurred, however, they were difficult to detect. The
trend shift in 1973 went unrecognized for many years.°®
During the late 1990s, the notion that the trend growth rate
had picked up found favor with those who believed in the
advent of a “new economy;” but many economists continued
to dispute the notion that the productivity gains of the post-
1996 period represented a return to permanently higher
growth.” Gordon (2000), for example, attributed about half of
the acceleration to a “cyclical” effect, and argued that much of
the rest was confined solely to the information technology
(IT) sector. However, others (for example, Stiroh [2002])
found evidence that the productivity acceleration had spilled

0ur approach to tracking productivity complements the work of Gordon
(2000) and Stiroh (2002), who focus more on growth accounting methods for
productivity. Their studies have the advantage of providing detailed informa-
tion about the sectoral sources of productivity growth, but with significant
time lags and only at an annual frequency.

8See, for example, Sims (2001), who writes that during the 1970s, “unemployment
rose and inflation rose because of real disturbances that lowered growth. ... Since
such ‘stagflation” had not occurred before on such a scale, they [policymakers]
faced a difficult inference problem, which it took them some years to unravel”
Sims and Zha (2006) make a similar point.

7Optimistic views go back as early as 1997 (see, for example, Louis Uchitelle,
“Measuring Productivity in the 90’s: Optimists vs. Skeptics,” New York Times,
August 2, 1997). The optimism appears, however, to have been based on some-
thing other than the actual productivity data, about which there was much skep-
ticism (see Corrado and Slifman [1999]). Of course, pessimists (for example,
Roach [1998]) have also based their views on skepticism about the data.
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over into other sectors through investment in IT equipment
and hence was unlikely to be merely a cyclical or isolated
sectoral phenomenon.

Since 2000, productivity growth has slowed during some
intervals—in the months leading up to the start of the 2001
recession, in 2004 after a big surge in the early part of the
recovery, and as recently as the third quarter of 2006. Each of
these episodes has given rise to concern that trend produc-
tivity growth might be falling back toward post-1973 rates.
Our work provides one way to evaluate the validity of such
concerns as they arise.

Estimating Trend Productivity Growth

As we noted earlier, much of the uncertainty surrounding
trend shifts has stemmed from the volatility of quarterly
movements in productivity growth. Consequently, efforts to
estimate trend productivity growth that focus on just this
series are bound to run into difficulties. Our approach in this
article, as in the more technical work (Kahn and Rich, forth-
coming) on which it is based, ® is to incorporate in our analy-
sis variables that move together with productivity over the
long run. By looking at multiple variables simultaneously, we
obtain a more precise estimate of their common trend.

More specifically, using a theoretical model of economic
growth, we argue that productivity (output per hour of
work) should share a common trend with real labor compen-
sation per hour and real consumption expenditure relative
to hours of work. We identify the common trend as technical
progress.’ If a common trend indeed exists, then the three
series will not drift too far apart over the long run. Formal
statistical tests confirm this property in the data, which is
illustrated by the parallel movements of the three series in
Chart 2. Note that in the chart, the three series all slow down
from the mid-1970s to the mid-1990s and then accelerate.

The identification of real labor compensation and real
consumption expenditure as series that can help uncover the
underlying trend in productivity plays a critical role in our
analysis. Nevertheless, we still need to specify a model that
can be used to estimate the components of interest. Because
we are especially concerned with the issue of changes in
trend productivity growth, it is important to adopt a model
that can account for this feature of the data. The choices
are numerous, but we select a model that has gained consid-
erable popularity in recent years, the so-called regime-
switching model, and apply it to productivity growth.

8Interested readers can find a much more detailed discussion of the theoretical
and statistical models in the forthcoming paper.

“This approach is closely related to the work of Ludvigson and Lettau (2001,
2004), who examine the relationship between wealth, labor income, and
consumption expenditure. Their common trend is not specifically limited to
technology; it also includes demographic and labor supply trends.

Chart 2
Common Trends in Real Output, Consumption,
and Labor Compensation
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Source: U.S. Department of Labor, Bureau of Labor Statistics.

Notes: The series are divided by hours of work in the nonfarm sector. Nominal output and
compensation are deflated by the price index for nonfarm output. Nominal consumption
is deflated by the price index for personal consumption.

The regime-switching model, introduced in Hamilton’s
(1988) study of nominal interest rates, has been applied to a
number of economic and financial time series.'’ The model
is motivated by the observation that many variables go
through periods in which their behavior changes dramati-
cally. To capture such changes, the model allows for switches
in the equation governing the movements of a variable. A
different equation is associated with a different regime (or
“state”), with changes in the behavior of a series reflecting a
transition from one regime to another. The number of
regimes is typically kept small to ensure that the model
remains manageable for estimation purposes, although the
design of the model is flexible enough to allow the shifts
between regimes to occur often or rarely.

The regime-switching model is especially useful for our
purposes because it will allow the common trend in produc-
tivity, real labor compensation, and real consumption
expenditure to shift periodically between high-growth and
low-growth states. Significantly, this methodology does not
impose the dates of the shifts beforehand but instead esti-
mates them. The estimates take the form of a time series of
probabilities indicating the likelihood of the trend compo-
nent being in one state or the other.

Although we seek to identify the trend component in
productivity growth, our ability to draw meaningful conclu-
sions about its behavior requires that we properly account
for other sources of movements in the series. As we noted
earlier, productivity growth fluctuates with the business

10We estimate a version of the model developed by Kim and Murray (2002).
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Components of the Statistical Model

We consider four time series over the period from first-
quarter 1947 to third-quarter 2005: (1) output per hour
of work, (2) real labor compensation per hour of work,
(3) real consumption expenditure divided by hours of
work, and (4) hours of work. The standard one-sector
neoclassical growth model of economic theory implies
that the first three variables should have a common
trend related to technical progress, while any trend in
the fourth variable, hours of work, is unrelated to techni-
cal progress. Consequently, we remove the trend of this
last series so that only its cyclical movements enter into
the model.

Let Q;; denote the zch individual time series (i=1,.. 4.
It is assumed that the movements in each series are gov-
erned by the following process:

Qis= Vi X, + Aixy+ 25,

where X, denotes a permanent (or “trending”) component
that is common to series (1)-(3) listed above, x; denotes a
transitory (or cyclical) component that is common to all
four series, and z, is an idiosyncratic error term. The per-
manent component grows over time, but its growth rate
can shift periodically between high and low growth. The
cyclical component does not grow over time, but instead
displays oscillatory behavior. The idiosyncratic compo-
nent reflects the remaining movements that are unique to
each individual series. The parameter ¥; indicates the
extent to which the series moves with the common per-
manent component. Similarly, the parameter A; indicates
the extent to which the series is affected by the transitory
component. The common trend implied by theory means
that ¥, =¥,=¥;. We have verified this property in the
data and illustrate it again in Chart 2. We also set ¥,4=0
to ensure that the (detrended) hours series does not affect
the estimate of the common trend.

cycle. To help identify the influence of the business cycle on
the series, the model includes as an additional explanatory
variable the growth rate of hours of work, which has an
important cyclical component.'! The model also separates
out near-term, or “idiosyncratic,” movements in each of the
series that are unrelated to the trend or cyclical components.
The idiosyncratic movements in productivity growth
account for much of the short-term volatility noted earlier.
The box contains a brief description of the statistical model.

The hours of work variable is “detrended” because it is unrelated to the com-
mon trend of productivity, real labor compensation, and real consumption
expenditure.

Chart 3
Probability of Being in a High-Growth Regime:
Retrospective Estimates

1.0 7 j [ N

0.8 7

0.4 —

02_|||||L M _

|| L1 III|IIII|I
1947 50 55 60 65 70 75 80 8 90 95 00 05

Source: Authors’ calculations.

What We Know Now: Retrospective Assessments

of Trend Productivity Growth

Using our model, we obtain estimated probabilities of being
in the high- or low-growth state over time. We first examine
this issue from a retrospective viewpoint: Given everything
we know today, what can we say about the likelihood of hav-
ing been in the high-growth state at some past date? Because
this retrospective inquiry is based on all available data, it
provides the most informed assessment of the probabilities.

This assessment is plotted in Chart 3, through the second
quarter of 2006. The vertical axis is the probability of being
in the high-growth regime. With hindsight, we see that
the economy was in the high-growth state (estimated to be
2.9 percent) until 1973, then underwent a twenty-four-year
period of low growth (a 1.3 percent estimated trend), and
finally returned to the high-growth regime in 1997. The
slight dip at the very end partly reflects the unavoidable
uncertainty at the end of the sample because confirmatory
subsequent data are lacking.

What We Would Have Known Then: Real-Time
Estimation and Forecasts

Having gauged the probabilities of the growth states in a
retrospective manner, we now estimate these same proba-
bilities using only the information that was available at the
time. Thus, the question becomes: At each point in time,
using only the data then available, what probability would
one have assigned to being in the high-growth state? This
inquiry sheds light on the model’s practical usefulness for
policymakers, who must make decisions without the benefit
of hindsight. The extent to which this inquiry and the retro-
spective inquiry give similar answers can tell us whether our

4 &



Chart 4
Probability of Being in a High-Growth Regime:
Real-Time Estimates
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Source: Authors’ calculations.

model yields reliable results in real time. If the model were to
indicate a trend shift toward higher growth in the 1990s only
with several years of hindsight, then we would have little
confidence in the accuracy of its current assessments.

With this in mind, we collected vintage data sets consist-
ing of each of the time series as they would have appeared in
August of each calendar year from 1993 onward. Given pub-
lication lags, there is typically a one-quarter differential
between the data vintage and the last observation available.
(Hence the August vintage will have data through the second
quarter of that year.) This analysis enables us to see whether
the model would have detected the trend shift toward higher
productivity in the second half of the 1990s. A successful

Chart 5
Forecasts of Productivity Growth Ten Years Ahead

Percentage change, annualized

performance would also provide evidence of the model’s
ability to identify trend changes in the current environment.

We find that the model would have picked up the change
in trend within two years of when it is now known to have
occurred. Chart 4 plots the estimated regime probabilities
using data from vintages 1997, 1998, 1999, and 2000. By 1998
the estimates show a distinct rise in the high-growth regime
probability, and by 1999 the probabilities are almost indis-
tinguishable from those estimated retrospectively, using
data through second-quarter 2006 (compare Chart 3).

We next consider the model’s forecasts of productivity
growth. These forecasts take into account the transitory or
cyclical components of productivity growth in addition to
the trend. Chart 5 shows the ten-year-ahead forecasts of
productivity growth, again based on data available as of
August, for each of the years 1993 through 2006. It also
includes a forecast based on the most recent observations of
November 2006, which add data through the third quarter
of 2006. To get a sense of the accuracy of the forecasts, we
plot them against actual year-over-year productivity growth
(shown by the bars). As we would expect given our earlier
real-time estimates, through 1997 there is no real change
in the long-run forecast. One achievement of this model—
particularly in comparison with more conventional analy-
ses'?—is its ability to detect the permanence of the produc-
tivity acceleration. In line with our earlier findings, we see a
noticeable permanent increase in productivity growth
beginning with the forecast in 1998, followed by a large
increase in 1999 to the level that has persisted ever since. A
second accomplishment is the model’s recognition of the
transitory nature of the productivity growth slowdowns in
2000-01, 2003, and 2004. As Chart 5 indicates, there is little
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Notes: Unless otherwise indicated, forecasts are as of August for each year. The bars show year-over-year actual productivity growth. Real-time data were unavailable
in 1996 because a change in indexation methods resulted in a temporary discontinuity between historical and then-current data.
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Chart 6
Probability of Being in a Low-Growth Regime:
Real-Time Estimates
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noticeable response in the long-run forecast profile to the
declines in productivity growth (shown by the bars) during
these episodes.

What does our regime-switching model suggest about the
possibility of a trend shift in the current environment?
Interestingly, for a period of roughly a year beginning in
mid-2005, an apparent slowdown in real compensation
growth caused the model to give warning signs of a return to
lower trend productivity growth. Subsequent data releases
from the Bureau of Labor Statistics, however, revised com-
pensation growth upward, with the result that the model is
again indicating strong productivity growth going forward.
The shifts in our model estimates are evident in Chart 6,
which depicts the probability of being in the low-growth
regime (trend growth of 1.3 percent as opposed to 2.9 percent
in the high-growth regime), tracked over recent data vin-
tages, including quarterly updates since the third quarter
of 2005. We see noticeable increases in this probability begin-
ning in third-quarter 2005, reflecting the sluggish growth in
real labor compensation. The latest estimate plotted in the
chart, however, assigns a probability of less than 0.05 to
productivity’s being in the low-growth state. Thus, the model
once again places high probability on a trend path that is
roughly 2.9 percent, close to the trend over the past ten years
and to that in the interval between World War IT and 1973.

Productivity and the Stock Market
One variable conspicuous by its absence in our analysis is the
stock market. One might think that stock market values

"’In Kahn and Rich (forthcoming), we compare the forecast performance of
our model with the performance of an alternative model that has no regime
switch. We find that our model provides more accurate forecasts, particularly
during the late 1990s.

Chart 7
Probability of Being in a High-Growth Regime,
with Stock Market Values as an Explanatory Variable
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would act as a natural leading indicator of a change in trend
productivity, since asset prices in general can respond much
faster than measures of real activity. We find, however, that
the stock market is simply too volatile to be of practical use in
detecting a change in trend productivity. In Chart 7, we show
the regime assessments when the stock market is included as
an additional variable in our model. If we accept the view that
the 1973-96 period was one extended low-growth regime—
as the retrospective estimates in Chart 3 suggest—then
adding the stock market to the analysis largely results in more
volatile assessments, even with hindsight.

In fact, it may be more useful to consider the interplay
between the stock market and trend productivity in
the reverse direction. In other words, tracking the trend in

Chart 8
Stock Market Values and Trend Productivity
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productivity growth may illuminate trends in asset values.
Chart 8 shows how long-term fluctuations in stock market
values (as measured by the S&P 500, adjusted for inflation,
and normalized by hours of work) appear to move in line
with the level of trend productivity estimated from our
original four-variable model. As we have seen, the model
identifies changes in the growth regimes of productivity rela-
tively quickly and therefore could be informative about
future movements in stock prices. Such a result would accord
with the findings of Ludvigson and Lettau (2001), who deter-
mine that consumption expenditure, because it responds
only to “permanent” changes in wealth, predicts movements
in stock prices.

Conclusions

Volatile short-term growth rates make the tracking of the
trend in productivity difficult. But by looking at productivity
in conjunction with labor compensation and consumption
expenditure, one can discern the trend that is common to all
three series. Our regime-switching model proves effective in
tracking trend shifts in the postwar period—particularly
the jump to trend productivity growth of nearly 3 percent
that occurred sometime around 1997. While the immediate
detection of a change in trend is virtually impossible, our
model could have provided at least a preliminary sign within
a year of when the change occurred and a conclusive signal
within two years—well before any consensus had emerged.
Although the idea of a “new economy” with robust produc-
tivity growth had gained many adherents well before 1999,
there were also plenty of nay-sayers, and few of the optimists
would have ventured to base their views on objective statis-
tical analysis. Indeed, the view that higher productivity
growth was likely to be sustained won acceptance only
during the 2001 recession. When productivity growth
remained relatively strong despite the downturn in the
economy, it became clear that the acceleration was not just
an artifact of the boom years of the 1990s.

Going forward, our model also provides a means of
monitoring, in real time, the risk of a shift to lower trend

productivity growth. Significantly, after a brief “false alarm”
in the third quarter of 2005, the model’s most recent esti-
mates continue to show strong trend productivity growth of
nearly 3 percent.
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