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The concept of potential output has played a central role in discussions
and the implementation of economic policy for at least fifteen years. The paper
by Perloff and Wachter (1979) is the most recent in a series of efforts to bring
improved economic theory and statistical methods to bear on the measurement
of potential output. Before we discuss some of the specific issues raised by
Perloff and Wachter, we would like to address a recurring problem that has
plagued the interpretation of econometric results found in the literature on
potential output since the work of Okun (1962).

1. Inverting Regressions

Many of the recent attempts to estimate potential output, including
Clark (1977) and Perry (1977), follow the procedure outlined by Okun (1962)
of using estimated regressions of unemployment on output to "solve out" for
"potential output" as a function of actual output and a measure of the deviations
of the unemployment rate from some "fullemployment" rate or "natural rate"
of unemployment.! Unfortunately, what appears to be a rather simple algebraic
manipulation of the relationship between unemployment and output represents
poor econometrics in practice, and can have important implications for the
interpretation of subsequent results.

What Okun and others wish to do is to take a deterministic function
relating two variables, Y and X,

Y = §Xx,

and invert it to get the relationship between X and Y,

]
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ll’clort and Wachter use a similar procedure in equation (15) and the equation following (15) to estimate 8
“ponaccelerating-infiation rate of unemployment.”
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Unfortunately, regression relationships cannot be manipulated this way. The
linear regression of Y on X (where we assume both Y and X have means of
zero for convenience),

=pX+e,

has a slope coefficient § = p(Y,X) * a(Y)/o(X), where p(Y,X) is the correlation
coefficient between Y and X, and o(Y) and o(X) are the standard deviations of
Y and X, respectively. Hence, the expected value of Y given X is X. On the
other hand, the regressionof X on Y,

X =q9Y+n,

has a slope coefficient ¥ = p(Y,X) * o(X)/o(Y), and the expecte’d value of X

given Y is 4Y. It would be incorrect to use — Y as a measure of the expected
value of X given Y. It is easy to see that

v ==+p}(YX).

h %

Consequently, only in the case where p(Y,X) = +1 will the regression of X on Y
have a slope coefficient equal to the reciprocal of the slope coefficient in the
regression of Y on X. In other words, only if Y and X are perfectly correlated
(so both regressions are, in fact, deterministic) will such a procedure be valid.

In order to see the importance of this point, consider the simple Okun
procedure for estimating potential output. Okun regresses quarterly changes
in the unemployment rate (AU) on quarterly percentage changes in real GNP,
[-A-yyl. We have estimated this equation using data from the first quafter of 1953

through the last quarter of 1970,

AY
AU= 0.261- 030! [—], h
(0.050) (0.039) ‘

R’ = 0469, 0=0309, D-W=225,
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:vhere standard errors are in parentheses, R ? is adjusted for degrees of freedom,
¢ is the standard deviation of the residuals, and D-W is the Durbin-Watson
statistic. Equation (1) implies that given a 1.0 percent increase in real GNP,
the unemployment rate can be expected to fall by 0.3 percent. It is not correct
to infer that given a 1.0 percent increase in the unemployment rate, real GNP
can be expected to fall by 3.3 percent, which is the famous (infamous) 3 to 1
relationship between output and the unemployment rate called Okun's law.

AY
If one is interested in the expected value of 7, given AU, that is, the

expected movement in real GNP conditional on some observed movement in
the unemployment rate, it is appropriate to estimate the regression of the
percentage change in real output on the change in the unemployment rate,

Y

[iyq= 0.857 - 1.58 AU, Q)
(0.087)  (0.206)

R? = 0469, 6=0.708, D-W=2.25.

Hence, given a 1.0 percent increase in the unemployment rate, real GNP .is
expected to fall by 1.6 percent, not 3.3 percent!

Using Okun's assumption that a 4.0 percent unemployment rate is the
"desired" or "fullemployment” rate, Okun's estimate of the gap, G, between
“potential output," P, and actual output, Y, is calculated from

P-Y = G=0033 (U-4)-Y.

If the unemployment rate is 1.0 percent above the 4.0 percent "fullemployment"
rate, the "gap" is 3.3 percent of actual GNP. However, using the correct estimate
of the effect of unemployment on output from equation (2), the “gap" is
calculated from

G=00l6(U-4)-Y.
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That is, the output gap is cut approximately in half.? Thus, the lax econometric
procedures followed by Okun and others can have substantial implications for
policy.

The above discussion is not meant to suggest that we believe that obtaining
correct estimates of potential output is simply a matter of turning around a
regression equation. To the contrary, we feel there are many important
conceptual and statistical problems that must be overcome before a meaningful
interpretation can be given to estimates of inherently unobservable measures
like potential output.

2. Econometric Problems in the Perloff and Wachter Paper

The Perloff and Wachter approach to calculating potential output involves
the estimation of a translog production function for the economy, equations
(4) and (8), and a wage equation (16) from which they construct their
"nonaccelerating-inflation rate of unemployment.” Potential output is obtained
by substituting the potential labor force obtained from a labor (supply or
demand?) equation (18) into the aggregate production function 4).

Unfortunately, we feel that there are important statistical problems with
the empirical analysis conducted by Perloff and Wachter. For example, it is not
clear that the “cyclically-sensitive translog production function" provides a
better description of the time series behavior of aggregate output than simpler
models. Comparison of the first six columns of Table 3 reveals that the
estimated production function with the smallest residual variance is the Cobb-
Douglas model in column (6). In fact, it has a residual variance at least 30
percent less than any of the other specifications. It is unfortunate that Perloff
and Wachter do not estimate this Cobb-Douglas model, correcting for
autocorrelation, so it can be compared to the corrected, cyclically-sensitive
translog models that are presented in the last two columns of Table 3.

Another disturbing aspect of the results in Table 3 is that the cyclically-
sensitive production functions typically place more weight on the time trend
terms (particularly the linear term, t) than on the term representing the factor
inputs. Moreover, the estimated cyclically-sensitive models imply severe
diminishing returns to scale. That is, the coef ficient of the index of factor inputs
is substantially below 1.0 (the value which seems to be implied by the produc-
tion function model). This suggests that the estimates of the cyclically-sensitive
model are not consistent with the theory.

There is an additional point regarding Perloff and Wachter's empirical
analysis which we feel is of interest. To obtain a potential output series, a

201‘ course, if the “fuliemployment’ rate of unemployment is larger than 4.0 percent, the “gap” will be
reduced, whether the estimates from equation (1) or (2) are used.
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potential labor series, L®, is constructed using (18) and setting UGAP, = 0.25.
Aside from the severe autocorrelation problems present in the estimated model
(as evidenced by a very low Durbin-Watson statistic), it should be noted that
substituting UGAP, = 0.25 into (18) implies that the potential labor series
simply follows a deterministic cubic time trend. Given that potential labor is
a time trend, that labor makes the largest contribution to the index of inputs
(See Table 1), and that output itself is further influenced by time trends
(See Table 3), our interpretation is that Perloff and Wachter have obtained
a measure of potential output which is dominated by a deterministic time trend.
We doubt that Perloff and Wachter believe that these polynomials in time
represent true models of economic activity, because they imply an explosive
and deterministic growth path for the economy (Cowden, 1963, describes the
perils of using regressions which are polynomial functions of time). An alterna-
tive view might be to consider actual output being associated with a particular
growth rate, but not a deterministic growth path to which output tends to
return. Such an alternative view would lead to models of output that appear
to be more nearly like random walks with drift (where the drift is the expected
growth rate), rather than deterministic time trends.

Despite the use of the time trends to represent the nonstationary behavior
of output over time, the Durbin-Watson statistics for the first six columns in
Table 3, which estimate the production function (4), are between 0.2 and
0.4, implying first-order serial correlation in the residuals of about 0.9 or 0.8.
As a result of discussion which occurred at the Carnegie-Rochester Conference,
Perloff and Wachter also estimate the cyclically-sensitive production function
using first- and second-order Cochrane-Orcutt models for the regression residuals
in the last two columns of Table 3. In these models, the quadratic and cubic
time trend coefficients are insignificant and the autoregressive coefficients for
the residuals are close to unity, implying close to nonstationary behavior.
Perloff and Wachter argue that their regression estimates are consistent, even
though they are not efficient. We believe, however, that the severe residual
autocorrelation exhibited in the Perloff and Wachter regressions should not be
dismissed so lightly. As we have argued in detail elsewhere (Plosser and Schwert,
1978), the costs of ignoring highly autocorrelated residuals can be very large in
terms of statistical inference. If the residuals from the regressions in Table 1
are as highly autocorrelated as those in Table 3 (as we suspect), all of the
statistical tests reported by Perloff and Wachter, in particular, the F-tests which
compare various production function specifications in Table 2, grossly
overstate the level of significance of their results.

One positive suggestion, which would provide a crude test of the specifica-
tion of these models, is to estimate all of the models in terms of the first
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differences of the data. This would probably yield valid statistical tests (because
the residuals would probably not be highly autocorrelated), and the comparison
of the levels regressions with the differences regressions may indicate other
possible specification errors. For example, if output follows a random walk
with drift, the residuals from the differences model would be serially
uncorrelated.

3. Conceptual Problems with Defining Potential Qutput

Even if all of these estimation problems can be overcome, there are
serious problems with the meaning and usefulness of a concept like "potential
output." We believe that a supply-oriented concept such as "potential output”
has little operational significance. It is not an equilibrium concept, since there
is no relationship with aggregate demand. Consequently, "potential output"
cannot be viewed as representing the level of output which would prevail in
the absence of any unexpected random shocks to aggregate supply or demand.

While the Perloff and Wachter measure of potential output seems to
behave like "normal output" (for example, the level of output that would
prevail if there were no unexpected monetary or fiscal shocks), because it
allows for both positive and negative "gaps,” the similarity is only superficial.
For example, given that there is no aggregate demand in their model, all
deviations of actual output from potential output implicitly arise from aggregate
demand fluctuations. Therefore, demand management stabilization policies
are the logically consistent way to control economic fluctuations and restore
the economy to its "equilibrium"” growth path. In fact, this would be true of
any measure of so<alled "potential output." However, aggregate demand
policies are not necessarily appropriate in a world where actual output is viewed
as the outcome of the interaction between supply and demand in both factor and
product markets.? In such an equilibrium model "potential output" ceases to have
any significance, and even measures of "normal output" are difficult to opera-
tionalize because they require comparing the relative merits of various equilibria.

Suppose one could model "potential output” as Perloff and Wachter are
attempting to do. Lucas (1976) has argued that traditional econometric models
cannot be used to design control policies because rational economic agents will
react to the change in control regimes, thus changing the parameters of the
econometric model. Perloff and Wachter recognize this problem in the last
sentence of the paper: "Projections of this series are, therefore, a useful

3ln a recent paper, Lucas (1978) has expressed similar doubts about the operational definition of full-
employment and its usefulness as a theoretical construct or policy guide, For example, one possible defini-
tion of “potential output™ is the level of gross national product which would result if all persons over
16 years old worked 24 hours a day, every day of the year, This extreme definition illustrates the futility
of defining potential output without reference to utility maximizing behavior.
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target for stabilization policy only if these rules and policies are not
substantially altered from those existing during the estimation period." If
Lucas's argument about econometric policy evaluation is correct, then policy-
oriented uses of "potential output” are not only futile, they can be seriously
misleading.

Perhaps attempts to estimate "potential output” should best be viewed
as exercises in economic history, describing what existed under past policy
regimes. Perloff and Wachter explicitly recognize the possibility that different
regimes of government policy can influence their econometric models?®
Nevertheless, most analysts, including Perloff and Wachter, would like to use
estimates of potential output to guide future policy decisions. Unfortunately,
even if the dummy variables and the cyclically-sensitive parameters capture the
effects of past policies on the models' estimates, these models cannot be used
to predict the future path of output under different policy regimes.® It would
seem, therefore, that modeling "potential output" is an exercise with little
merit, serving only to perpetuate the idea that its use as a policy guide can be
justified through economic theory.

4. Conclusions

In this paper we have tried to point out some of the econometric and
conceptual difficulties with defining and measuring potential output. In brief,
most efforts to estimate potential output, including the paper by Perloff and
Wachter, are essentially equivalent to trend extrapolation of output. The details
of different approaches really amount to questions about whether the trend line
should pass through the peaks of past output (as Okun's approach implies when
the "fullemployment” unemployment rate is set equal to a low 4.0 percent)
or through the middle of past output (as Perloff and Wachter's approach
implies). The former approach produces an "output gap" which is always
positive, implying a continual need for stimulative government policies, while
the latter approach implies that the “"output gap" can be both positive and
negative.

In general, the Perloff and Wachter estimates of potential output are well
below the estimates produced by the Council of Economic Advisers (CEA).
For example, Perloff and Wachter estimate a "gap" between potential and actual

4For example, the translog production furction (4) hes coefficients which are allowed to vary linearly
with the “unemployment gup,” which they rationalize through s “Iabor hoarding’’ argument. The wage
equation (16) has dummy variables to represent different sverage changes in growth rates of wages during
different presidential administrations and a dummy variable representing Phase 1 to Phase IV of price
controls.

sFor example, suppose that instead of wage and price controls, the economy is subjected to TIP (Tax-
Based Income Policies). One covld not use the Perloff and Wachter results to obtain mezsures of the future
Path of actual or potential output because TIP would affect the “full empioyment™ rate of unemployment.
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output of $22.6 billion as of the fourth quarter of 1977, which is substantially
below the CEA estimate of $136.1 billion. While we concur that the economy
is probably not in need of the kind of fiscal or monetary stimulus implied by
the huge CEA estimate of the output gap, we feel that the Perloff and Wachter
study is deficient in its empirical analysis and leaves a number of important
conceptual questions unanswered.
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