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Figure 1: Effect of the Third Step on the Measure of Qutput Gap

SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, author’s calculations.

Figure 2: Measures of Output GDP
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SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, Congressional Budget Office, author’s calculations.



Figure 3: Measures of Trend in Real GDP
Billions of chained 2005 dollars
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SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, Congressional Budget Office, author’s calculations.

Figure 4: Output Gap Satisfies Okun’s Law
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3. RESULTS

Figure 3 shows the behavior of my wage-based measure of economic potential over the past decade. For
comparison, I plot in the same figure the Hodrick-Prescott trend and the CBQO’s estimate of the potential
level of GDP, which represent, respectively, the aggregate and the growth-accounting approaches discussed
in the previous section. Although the aggregate approach has inspired a multitude of estimates of economic
potential, here I use the method designed by Hodrick and Prescott (1997). As documented by Orphanides
and van Norden (2002), the HP-trend remains among the least sensitive to new data releases of all methods
in this class.

The three measures of potential shown in Figure 3 tell starkly different stories about the ongoing
recovery process from the Great Recession. According to the CBQO’s measure, in the past four years the
pace of growth has been narrowly sufficient to keep the gap from expanding further, but far short of the pace
necessary for catching up with potential.® However, by using the HP-trend one may arrive at the opposite
conclusion, namely, that the output gap is already in positive territory and a new downturn may happen
sometime soon. My wage-based measure of potential implies that the recovery to potential is proceeding at
a normal pace and the U.S. economy should be able to cover this distance within the next year and a half.

Okun’s Law. Figure 4 compares the (rescaled inverse of the) output gap with the behavior of unem-
ployment. It demonstrates that my measure of the output gap is consistent with Okun’s law, which predicts
that every 1 percent reduction in the unemployment rate translates into an increase in the output gap of
1.5-2 percent.

Notable deviations of the level of unemployment from Okun’s law in the late 1970s and early 1980s are
often attributed to an increase in the so-called “natural rate” of unemployment. To check this intuition, I
plot the implied natural rate of unemployment on Figure 4. To estimate its level, I take a moving average
of the difference between the output gap and the unemployment rate. Figure 4 demonstrates that not only
does my measure of output gap satisfy Okun’s law. In addition, the implied natural rate is consistent with
commonly held beliefs about its behavior. Namely, it increased above 6 percent in the 1970s and reverted
back by the late 1980s. The implied natural rate increased slightly during the recovery from the most recent
recession by approximately 0.4 percent.

Recovery Speed. In Figure 5, I compare the pace of expansion of my wage-based measure of potential
output with that computed by the CBO and the path of growth in real GDP. The wage-based measure
indicates a substantial slowdown in the pace of expansion of the economic potential since 2000. The way it
is constructed naturally decomposes growth in potential real output into two factors: growth of the labor
force and improvements in efficiency.

As shown in Figure 6, both slower growth in economic efficiency and a slowdown in the growth rate of the
labor force contribute to the slowdown in potential growth. The reduction in the labor force participation
rate started more than a decade ago, is currently accelerating largely due to early retirement of baby boomers
(see Hornstein and Rhodes 2013), and is expected to last for another two decades due to demographic factors,
as shown in Szafran (2002) and many others. The slight reduction in the pace of improvement of economic
efficiency may reflect the difficulties this adjustment process imposes on the aging labor force. A similar
adjustment process was under way in the late 1970s and early 1980s when the entrance of baby boomers
into the labor force and increased participation of women led to a reduction in average economic efficiency,
as illustrated in Figure 4.

The gradual slowdown in trend implies that the speed of recovery from the last recession, that is, the
speed of growth net of trend, has been 1.3 percent per year — not stellar, but much higher than the speed
one could infer from the estimates of the CBO. As shown in Table 1, this pace is similar to many past
recessions, in fact not far behind compared with the average pace of recovery from all seven recessions in
the sample.

6The difference of my measure with the CBO’s estimate has two main sources. First, the CBO assumes a slower decline
in labor force participation than has been observed. Second, the CBO assumes that this factor affects only the contribution of
labor to GDP growth, while my estimate (due to step 2) assumes that it affects all components of GDP equally.



Figure 5: Real GDP Growth Above Trend
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SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, Congressional Budget Office, author’s calculations.

Figure 6: Decomposition of Growth in Potential Real GDP
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Table 1: The Speed of Recovery in a Historical Perspective

Recovery Average
Start Until recovery rate
1954:Q2 1956:Q4 1.61
1961:Q1 1963:Q3 1.53
1970:Q4 1973:Q2 2.12
1975:Q1 1977:Q3 2.25
1982:Q4 1985:Q2 2.08
1991:Q4 1994:Q2 1.59
2003:Q1 2005:Q3 1.01
Average of 7 recoveries 1.74
2009:Q3 2013:Q2 1.28

SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, author’s calculations.

Inflation Pressures. A desirable feature of a good measure of the output gap is its ability to forecast
inflation pressures. To assess whether my wage-based measure is useful for forecasting inflation, I follow the
methodology of Koenig and Atkinson (2012) and use the twelve-month Trimmed Mean PCE inflation rate
as a measure of inflation because it is relatively less volatile compared with headline inflation and gives a
good proxy of underlying current and future inflation pressures. By splitting the period of available data
since 1985 in two parts at the turn of the century, I delineate the first period for estimating a forecasting
relationship and the second period for assessing out-of-sample forecast performance.

I estimate a relationship between the current inflation rate, m¢, net of the Survey of Professional Fore-
casters (SPF) long-forward inflation expectations, 7rtLF , and a four-quarter lag of inflation. Key explanatory
variables include the level of the output gap, x¢, and the four-quarter change in the output gap:

T — 7rtLF =a+p (77,5,4 — wfi) +yxi—g+ 0 (Ti—g — T4—8) (8)

The results of the forecasting exercise using various measures of the output gap are presented in Table
2. These results show that (the one-quarter change in) the wage-based measure performs at least as well as
using (the three-quarter change in) the unemployment rate. It does much better than most other commonly
used measures of the output gap, both in-sample and out-of-sample. A hybrid model, which combines the
level of a wage-based output gap and a thre-quarter change in unemployment, cannot improve upon the
wage-based measure although it combines the most useful information from both series. Figure 7 illustrates
the out-of-sample fit of forecasts of inflation produced using the wage-based measure of the output gap.

However, note that inflation forecasting is far from being the primary objective behind the development
of my measure of the output gap. Thus, this forecasting exercise serves as a simple check of consistency
with economic intuition, and the results of the exercise are purely suggestive. There remain a large number
of caveats related to the choice of time period, measure of inflation, additional explanatory variables, and
the non-real-time nature of the forecast.

In this section, I have demonstrated that my measure of the output gap satisfies two most commonly
held economic beliefs regarding the business-cycle properties of the output gap. First, the wage-based
measure is consistent with Okun’s law, both in differences and in levels. Second, the wage-based measure is
consistent with the “natural rate” version of the Phillips curve helpful in forecasting price pressures. These
are two necessary economic conditions that turn a measure into a useful tool for guiding policymaking. More
important, in the next section, I discuss the statistical properties of my measure that make it convenient
from a practical standpoint.



Figure 7: Output Gap Useful for Year-Ahead Inflation Forecasts
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SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, Federal Reserve Bank of Dallas, author’s calculations.

Table 2: Forecasting Performance of Different Measures of the Output Gap
Standard error

Gap measure Fitted Forecast
None 0.293 0.479
CBO potential 0.246 0.445

Hodrick-Prescott filter  0.251 0.418
Unemployment level 0.243 0.386
Wage-based measure 0.246 0.328
Hybrid model 0.242 0.350

SOURCES: Bureau of Economic Analysis, Bureau of Labor Statistics, Congressional Budget Office, Federal Reserve Bank of

Dallas, author’s calculations.

4. STATISTICAL PROPERTIES

Orphanides and van Norden (2002) identify updates to parameter estimates due to new data releases
as the most serious problem underlying the unreliability of end-of-sample estimates of the output gap for
existing measures of the output gap. They argue that this property makes the majority of existing measures
unsuitable for real-time policy analysis. In this section, I demonstrate that, unlike other measures, my
measure does not “wiggle its tail.”

To demonstrate that, I compute the estimates of the output gap that my method would have produced
based on data available at earlier points in time. I compare the real-time estimates of the output gap with
“final” estimates, that is, estimates computed as of 2013, in Figure 8. Figure 8 demonstrates that there is
virtually no difference between the final estimates and the real-time estimates of the output gap.

Figure 9 shows a comparison of real-time and final estimates of the output gap using the Hodrick-
Prescott filter. The stark contrast between the two figures demonstrates that my real-time estimates of
the output gap are an order of magnitude more robust to new data releases than those produced by the
HP-filter or the band-pass filter. As mentioned earlier, Orphanides and van Norden’s estimates imply that
among the variety of aggregate methods, based either on the univariate or the multivariate approach, the
HP-filter has nearly the lowest root mean square error (RMSE) due to new data releases. This implies that
my method outperforms by an order of magnitude all of the methods in terms of real-time robustness.
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Figure 8: Stability of Wage-Based Measure of the Output Gap
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Figure 10: Uncertainty of Output Gap Measures Fades When New Data Are Released
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Figure 11: Output Gap Measure Robust to Shifts in Labor Share and Hours per Worker
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To further illustrate this point I compute the RMSE of the output gap as a function of the time lag
between the current period (that is, the period for which the latest data are available) and the period for
which the output gap is estimated. I average these errors for all current periods starting with 1971 (allowing
an initial period to initialize the estimation and fix the normalization). Figure 10 plots the RMSE as a
function of the time lag for the HP-filter, the band-pass filter, and for my wage-based measure of the output
gap. It shows that it takes at most three quarters for my measure to stabilize around the final estimate,
with the real-time error on the order of 0.2 percent. However, the average real-time error in the output gap
produced by the HP-filter starts at 1.5 percent and takes more than three years to stabilize. Moreover, it is
not until almost a decade later that the HP-filter becomes as robust as my wage-based real-time estimate
of the output gap.

Robustness Analysis. I also briefly discuss the robustness of my estimates to the assumptions regarding
long-run stability of hours per worker and the labor shares. For robustness analysis I generate an artificial
data series for hours worked, which are by construction constant fractions of employment. Similarly, I
generate an artificial data series for labor compensation, which is assumed to be a constant fraction of GDP.
In each case, I replace the actual data by the artificial data series and re-compute my estimate of the output
gap. The difference between the baseline estimate of the output gap and the estimates based on artificial
data gives a perfect estimate of the error that might be introduced by using the assumptions. Figure 11
compares all three estimates. It shows that the standard error of each of the assumptions does not exceed
half a percentage point. The estimate of the standard error introduced by both of these assumptions jointly
is 0.51 percent.

5. CONCLUSION

My wage-based measure of the output gap both satisfies basic economic intuition and remains virtually
unchanged when new data are released. It is highly robust to deviations from the underlying assumptions
employed in its construction. This makes the wage-based measure of the output gap a reliable tool for
understanding current economic conditions and guiding policymaking. The methodology may also prove
useful in academic research for detrending GDP and other macroeconomic time series, both for the U.S.
and other countries.

However, caution must be expressed regarding data revisions, which may lead to sizable changes in the
estimate of the output gap. For instance, the 2013 revision of national accounts going all the way back to
1929 resulted in a 1 percent upward revision of the output gap. This change translated one-to-one from
the revision of the path of real GDP. Unfortunately, no method of constructing the output gap can insulate
from such data revisions.
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