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Foreword

Considerable progress has been made in recent years in bringing down
the actual and expected rate of inflation. Despite this progress, inflation
remains higher than has traditionally been thought of as consistent with
the national goal of reasonable price stability. Moreover, lingering con-
cerns about future acceleration of inflation continue to plague financial
markets and the real economy.

In view of these concerns, a major public policy issue today is how to
consolidate and extend past gains against inflation, while maintaining sus-
tainable economic growth and a sound financial system. Accordingly, we
decided to hold this, our seventh annual economic symposium, on the
topic of “Price Stability and Public Policy?

To discuss this important public policy issue, we brought together lead-
ing authorities from academe and the private sector, as we have in our pre-
vious six symposia. We sincerely hope that these proceedings will be of
interest and value to all who are concerned about the past and prospective

consequences of inflation.
E President f

Federal Reserve Bank of Kansas City
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3
Estimated Tradeoffs Between Unemployment

and Inflation

Ray C. Fair

An important question in macroeconomics is the size of the tradeoff
between unemployment and inflation. I have been asked by the organizers
of this symposium to consider this question, and so this is yet another pa-
per on the tradeoff issue. Given an econometric model of price and wage
behavior, it is straightforward to compute the tradeoff. The key problem is
finding the model that best approximates the unknown structure, and this
problem is the focus of this paper.

Three models of price and wage behavior are considered. The first,
Model 1, is the one contained in my macroeconomic model of the United
States (Fair, 1984). The second, Model 2, is one that is closer to what might
be considered the standard model in the literature. The third, Model 3, is
one in which there is no long-run tradeoff between unemployment and
inflation. Model 3 is Model 2 with a certain restriction on the coefficients.

The paper is organized as follows. Some methodological issues are dis-
cussed first. The models are then presented, estimated, and tested. The
unemployment-inflation tradeoffs implied by each model are then pre-
sented, and the final section contains a general evaluation of the results
and a discussion of their consequences for macroeconomic policy and
research.

Some methodology

It will be useful to present a few of my views about macroeconomic re-
search before launching into the specification of the equations. The first
issue concerns how much information one expects to get out of macro
time series data. Consider, for example, the question of which demand var-
iable to use in a price or wage equation. My experience is that macro data
are not capable of discriminating among many different measures of

57



58 Ray C. Fair

demand. Similar results are obtained using such variables as the overall
unemployment rate, the unemployment rate of married men, various
weighted unemployment rates, various output gaps, and various nonlin-
ear functions of these variables.! It is also difficult to discriminate among
alternative lag distributions for the explanatory variables, a point made by
Griliches (1968) many years ago and one that still seems valid.

If one feels, as I do, that macro data contain a fairly limited amount of
information, the obvious procedure to follow in econometric work is to
keep the specifications simple. If the data cannot discriminate among al-
ternative detailed specifications, there is no sense in making detailed speci-
fications in the first place. One should also avoid making strong inferences
from results that are sensitive to alternative specifications among which
the data may not be able to discriminate. This is an obvious point, but it is
perhaps worth emphasizing. In particular, note that one should be wary
about making strong conclusions regarding the validity of a model’s long-
run properties. This is because long-run properties are likely to be sensitive
to alternative lag distributions, which are in turn likely to be difficult to
discriminate among.

The approach of keeping macro specifications fairly simple is at odds
with the approach of Robert Gordon and George Perry, two of the leading
figures in the field of price and wage behavior. Gordon’s specifications are
characterized by the use of high-order polynomial distributed lags with
long lag lengths, the use of detailed dummy variables, and considerable
work in the construction of many of the explanatory variables. One reason
that Gordon’s specifications change so much from year to year is probably
that they are too detailed to be supported by the data. New data seem to
imply a change in specification when in fact no specification for a given
year is really supported.? Perry’s specifications are also usually somewhat
involved, especially with respect to the choice of the demand variable and
the use of dummy variables.? It will be clear in what follows that my speci-
fications are simpler than those of Gordon and Perry, and one should keep
in mind my reason for this difference.

Another view I have about macroeconomic research is that there have
been too few attempts to test one model against another. One reason there

1. See, for example, the discussion in Fair (1978), pp. 176-80, and in Fair (1984), p. 128-29.
2. A minor but illustrative example of Gordon’s changing specifications concerns the use
of dummy variables for the Nixon control period. In Gordon (1980) one dummy variable is
used, which is 0.67 for 1971:1II-1972:1V, — 1.0 for 1974:11-1975:1, and 0.0 otherwise. In Gor-
don and King (1982) two variables are used. One is 0.8 for 1971:I1I-1972:11 and 0.0 otherwise,
and the other is 0.4 for 1974:11 and 1975:1, 1.6 for 1974:I11 and 1974:IV, and 0.0 otherwise.
3. See, for example, the specifications in Perry (1980).
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is currently so much disagreement in macroeconomics is probably that
there has been so little testing of alternative specifications. I developed a
few years ago a method for testing alternative models (Fair [1980]), and
this is the method that I have used in this paper to compare the three
models of price and wage behavior. One of the premises upon which this
method is based is that all models are at least somewhat misspecified. An
important feature of the method is that it accounts for the effects of mis-
specification in making the comparisons across models.

Finally, my approach in examining macroeconomic issues is to specify
and estimate structural equations. A few years ago this was standard oper-
ating procedure, but it is now somewhat out of fashion. Some have turned
to vector autoregressive equations, while others have turned to reduced
form equations. In his recent work, for example, Gordon has switched to
estimating reduced form price equations.* The reduced form approach ig-
nores potentially important restrictions on the reduced form coefficients,
and in this sense it is inefficient. Also, it is not possible in Gordon’s recent
work to know whether a variable that is added to the reduced form price
equation belongs in the structural price equation, in the structural wage
equation, or in both. Important questions about the wage-price process are
simply left unanswered when only reduced form equations are estimated.
For example, one important question with respect to a particular set of
structural wage and price equations is whether the implied behavior of the
real wage is sensible, and this question cannot be answered by the reduced
form approach. Real wage behavior is considered below.

The three models

Model 1

Model 1 is the model of price and wage behavior in my U.S. model. The
following is a brief discussion of it. A more complete discussion is con-
tained in Fair (1984). Firms in the theoretical model are assumed to set
prices and wages in a profit-maximizing context. They have some monop-
oly power in the short run in their price- and wage-setting behavior. Rais-
ing their prices above prices charged by other firms does not result in an
immediate loss of all their customers, and lowering their prices below
prices charged by other firms does not result in an immediate gain of every-
one else’s customers. There is, however, a tendency for high-price firms to
lose customers over time and for low-price firms to gain customers. Similar
statements hold for wages. Firms expect that the future prices and wages

4. See, for example, Gordon (1980) and Gordon and King (1982).
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of other firms are in part a function of their own past prices and wages.
Since a firm’s market share is a function of its price relative to the prices of
other firms, its optimal price strategy depends on this relationship. Expecta-
tions of firms are in some cases determined in fairly sophisticated ways, but
none of the expectations are rational in the Muth sense. Firms do not know
the complete model, and their expectations can turn out to be incorrect.

There are five main decision variables of a firm in the theoretical model.
In addition to the firm’s price level and wage rate, the variables are the
firm’s production, investment, and demand for employment. These deci-
sion variables are determined by solving a multiperiod maximization prob-
lem. The predetermined variables that affect the solution to this problem
include (1) the initial stocks of excess capital, excess labor, and inventories,
(2) the current and expected future values of the interest rate, (3) the cur-
rent and expected future demand schedules for the firm’s output, (4) the
current and expected future supply schedules of labor facing the firm, and
(5) expectations of other firms’ future price and wage decisions.

The transition in macroeconomics from theoretical models to econo-
metric specifications is usually difficult, and the present case is no excep-
tion. The aim of the econometric work is to try to approximate the
decision equations of the firms that result from the solutions of the maxi-
mization problems. The empirical work for the price and wage equations
consisted of trying the variables listed above, directly or indirectly, as ex-
planatory variables. Observed variables were used directly, and unob-
served variables were used indirectly by trying observed variables that
seemed likely to affect the unobserved variables. The main unobserved
variables are expectations.

I'will not review here the work that led to the final estimated equations;
this is discussed in Fair (1984, pp. 126-31). The final estimated equations
are presented in Table 1. The equations are in log form. The explanatory
variables in the price equation include the price level lagged once, the
wage rate inclusive of employer Social Security taxes, the price of imports,
and the unemployment rate lagged once. The unemployment rate is taken
to be a proxy for the current and expected future demand schedules for the
firms’ output. For the work in Fair (1984) an alternative measure of de-
mand was used, which was a measure of the real output gap. As noted
above, a variety of demand variables work about equally well. The unem-
ployment rate was used in this paper in order to make the tradeoff calcula-
tions below somewhat simpler. The other three variables in the price
equation are taken to be proxies for expectations of other firms’ price deci-
sions. Increases in the lagged price level, the wage rate, and the price of
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TABLE 1
The Price and Wage Models
Sample Period is 1954:1-1984:1 (121 observations)
Dependent Explanatory Variables
Variable Model 1
log P; const. log P, log Wy(1+dy) log PIM,; UR,; SE DW
2SLS 159 937 0268 0335 ~205 00377 175
(7.32 (107.01) 6.33) (11.05) 6.19)
3SLS .160 936 0271 .0336 -.205  .00377 1.74
(7.42) (107.99) (6.43) (11.24) (6.26)
3SLs? 164 934 0279 0340 -.201 .00377 1.74
(7.66) (109.60) (6.68) (11.53) 6.15)
log W, const. logW,.;,  logP; log Pr.; t UR,
281S -.477 921 .503 - .456 .000754 -.0753 .00578 1.99
(1.69) (20.13) (347 (3.49) (1.93) (1.22)
3SLS -.293 951 514 ~.485 .000493 -.0716 .00581 2.04
(1.08) 21.77 (3.64) (3.80) (1.32) (1.18)
3SLs -.291 951 515 - .485 .000479 -.0799 .00581 2.04
.73) (52.50) (5.35) 3.61) (1.62)
Models 2 and 3
log P, - log P,.; const. logP,; - logP,., log W, (1+d,-) log PIM,_,
- logW,_s(1+d.§ - log PIM,;
Model 2: OLS -.00260 293 .146 .0582 .00404 2.04
2.07) (3.73) (5.27 (5.78)
Model 2: 3SLS -.00264 292 147 .0578 .00404 2.04
(.11 (3.72) (5.31) (5.74)
Model 3: 3SLS® -.00536 .323 191 .0461 .00415 2.04
(5.48) 4.14) .77 (4.87)
log W, - log W, const. log P,.; - log Py_s UR,
Model 2: 2SLS 0142 175 -.114 00565 1.96
(7.48) (8.69) (3.27)
Model 2: 3SLS 0142 175 -.116 .00565 1.96
(7.52) (8.68) (3.30)
Model 3: 3SLS® .0144 221 =151 .00578 1.87
(7.60) (4.50)

Notes: t-statistics in absolute value are in parentheses.

2Coefficient constraint (4) in text imposed on the equations.
bCoefficient constraint (10) in text imposed on the equations.
OLS = ordinary least squares

2SLS = two stage least squares

3SLS = three stage least squares

First stage regressors:

A = second basic set of variables in Fair (1984), Table 6-1, p. 228.

Model 1, 2SLS, log P, eq. :
Model 1, 2SLS, log W, eq.:
Model 1, 3SLS ot
Model 2, 2SLS

Models 2 and 3, 3SLS

A minus ZZ,_, plus log (1 +d,). (ZZ is a demand pressure variable.)
A plus log PX,.;. (PX is a price deflator.)
A plus log (1 +d) plus log PX,..

. Anpluslog PX,., pluslog P._; — log P_s.
. A plus log (1+d,) plus log PX,., plus log P,.; — log P,_s plus log

PIM,.; - log PIM,_3 pluslog Wy_j(1 +d.1) = log Wy_s(1 +d,s) plus
log Py - log P,

Variable Notation in Fair (1984) Description

d ng + dsg

P, f
PIM, PIM
UR, UR

W, Wi

Employer social security tax rate

Price deflator for private nonfarm output

Price deflator for imports

Civilian unemployment rate

Average hourly earnings excluding overtime of workers
in the private sector
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imports are assumed to lead to expectations of future price increases,
which in the theoretical model lead to an increase in current prices.

The explanatory variables in the wage equation include the wage lagged
once, the current price level, the price level lagged once, a time trend, and
the unemployment rate. The unemployment rate is taken to be a proxy for
the current and expected future supply schedules of labor facing the firms.
The lagged wage variable and the current and lagged price variables are
taken to be proxies for expectations of other firms’ wage decisions. In-
creases in these variables are assumed to lead to expectations of future
wage increases, which in the theoretical model lead to an increase in cur-
rent wages. The time trend was added to account for trend changes in the
wage rate relative to the price level. The inclusion of the time trend is im-
portant, since it helps identify the price equation. Aside from the different
lags for the unemployment rate, the time trend and the lagged wage rate
are the only two variables not included in the price equation that are in-
cluded in the wage equation.’

Before discussing the estimates, a constraint that was imposed on the
real wage rate needs to be explained. It does not seem sensible for the real
wage rate (W/Py) to be a function of either W, or P, separately, and in order
to ensure that this not be true, a constraint on the coefficients of the price
and wage equations must be imposed. The relevant parts of the two equa-
tions are

(1) logP =B logP,, + BlogW, + ...

@ logW, = logW,, + v,logP, + y3logP,; +....
From these two equations, the equation for the real wage is

O 1ogW; - log P =15 —(l - B) g W,

-1_—;27}6:(1 = 7) = vl - BllogPyy + ...

5. There is one slight difference between the wage equation here and the one in Fair (1984).
The same price deflator is used in both equations here (the private nonfarm deflator),
whereas a different price deflator is used in the wage equation in Fair ( 1984) (the private
deflator, both farm and nonfarm). This difference is not important in the sense that the data
cannot discriminate between the two, and the simpler specification was used here for ease of
interpretation.
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In order for the real wage not to be a function of the wage and price levels,
the coefficient of log W._; in (3) must equal the negative of the coefficient
of log P,_;. This requires that

@ 0=(y;+ v =B =Bl =)

Three sets of estimates of Model 1 are presented in Table 1. The estima-
tion technique for the first set is two-stage least squares (2SLS), and the
estimation technique for the second and third sets is three-stage least
squares (3SLS).¢ Restriction (4) is imposed for the third set, but not for the
first and second. The endogenous variables in the price equation are log P,
and log W, and the endogenous variables in the wage equation are log W,,
log P,, and UR,. UR, s taken to be an endogenous variable even though no
equation is specified for it in this paper. It is an endogenous variable in my
U.S. model. The first-stage regressors that were used for the estimates are
discussed in the notes to Table 1. The basic set of variables referred to in the
notes consists of 34 variables. These are the main predetermined variables
in my U.S. model. The 2SLS estimated residuals were used for the estima-
tion of the covariance matrix of the error terms that is needed for the 3SLS
estimates. The correlation coefficient for the error terms in the two equa-
tions was —0.299.

The data base used in Fair (1984) was updated through 1984:1 for the
results in this paper. The estimation period for all the equations in Table 1
is 1954:1-1984:1, which is a total of 121 observations.

The three sets of estimates of Model 1 are quite close, and there is little
to choose among them. The coefficient restriction (4) is clearly supported
by the data. The value of the 3SLS objective function was — 96.471 for the
unrestricted estimates and — 96.567 for the restricted estimates, for a dif-
ference of only 0.096. This difference is asymptotically distributed as x>
with one degree of freedom, and the 0.096 value is far below the critical x
value at the 95 percent confidence level of 3.84.

Model 1 differs from traditional models of wage and price behavior in a
number of ways, and it will be useful to discuss two of these differences.
First, most price and wage equations are specified in terms of rates of
change of prices and wages rather than in terms of levels. Given the theory
behind Model 1, the natural decision variables seemed to be the levels of

6. All calculations for this paper, except for those in the section on properties of the models,
were done using the Fair-Parke program. The Parke (1982) algorithm was used to oompute
the 3SLS estimates.
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prices and wages rather than the rates of change, and so this was the speci-
fication used. For example, the market share equations in the theoretical
model have a firm’s market share as a function of the ratio of the firm’s
price to the average price of other firms. These prices are all price levels,
and the objective of the firm is to choose the price level path (along with
the paths of the other decision variables) that maximizes the multiperiod
objective function. A firm decides what its price level should be relative to
the price levels of other firms. The use of levels instead of rates of change
has important consequences for the long-run properties of the model. This
is discussed below.

Second, most price equations are postulated to be markup equations,
where little or no demand effects are expected. Wage equations are postu-
lated to be the ones where demand effects are most likely to exist. Model 1
is to some extent the reverse of this. The unemployment rate has a larger
coefficient estimate (in absolute value) and is more significant in the price
equation than in the wage equation. Also, the coefficient estimate of the
wage rate in the price equation is too small to be interpreted as a markup
coefficient. The theory behind the price and wage equations is not a
markup theory, and so there is no reason to expect the estimated equations
to have properties of markup equations. The equations do not appear to
have such properties.

Model 2

As just noted, price and wage equations are typically specified in terms
of rates of change of prices and wages rather than in terms of levels, and
price equations are typically specified to be markup equations. This speci-
fication has been used for Model 2. I tried a number of equations that
seemed consistent with this specification. The final equations are pre-
sented in Table 1.

The equations for Model 2 are in log form. The quarterly change in
price is a function of the quarterly change in price lagged once, the four-
quarter change in the wage rate lagged once, and the two-quarter change
in the import price deflator lagged once. The quarterly change in the wage
is a function of the four-quarter change in the price level lagged once, and
of the unemployment rate. These equations are consistent with the inter-
pretation of the price equation as a markup equation and of the wage
equation as the one in which demand effects appear. The unemployment
rate appears in the wage equation but not in the price equation. It was of
the wrong sign and not significant when included in the price equation
(both the current rate and the rate lagged one quarter were separately
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tried). The following is a discussion of some of the experimentation behind
the choice of the final equations.

The data seemed to support the use of the four-quarter change in the
wage lagged once in the price equation. When the four one-quarter
changes, log W(1 + d) — log Wi i(1 + diiy),1 = 1,2, 3, 4, were used
in place of the four-quarter change, the coefficient estimates and t-
statistics were: 0.139 (2.33), 0.144 (2.41), 0.181 (3.00), and 0.120 (1.97).
These coefficients seemed close enough to warrant simply using the four-
quarter change. When the one-quarter change unlagged was included
with the other four one-quarter changes, it was not significant (coefficient
estimate of 0.071, with t-statistic of 1.17). Similarly when the one-quarter
change lagged five quarters was included with the other four, it was not
significant (coefficient estimate of — 0.001, with t-statistic of —0.02). The
data seemed to support the use of the two-quarter change in the price of
imports lagged once. When the one-quarter changes lagged once and
twice were used in place of the two-quarter change, the coefficient esimta-
tes and t-statistics were 0.0674 (3.20) and 0.0477 (2.03).

The quarterly change in the wage rate lagged once was not significant
when added to the wage equation. The t-statistic was only — 0.49. The use
of the four-quarter change in the price in the wage equation was supported
less than was the use of the four-quarter change in the wage in the price
equation, but the four-quarter change in the price was used in the wage
equation anyway. When the four one-quarter changes were used in place
of the four-quarter change, the coefficient estimates and t-statistics were
0.249 (2.22), 0.126 (1.07), —0.017 (—0.14), and 0.352 (2.94). When the
one-quarter change unlagged was included with the other four one-
quarter changes, it was not significant (coefficient estimate of 0.1 10, with
t-statistic of 0.72). Similarly, when the one-quarter change lagged five
quarters was included with the other four, it was not significant (coeffi-
cient estimate of — 0.120, with t-statistic of — 1.05). When the one-quarter
changes lagged five and six quarters were included with the other four, the
coefficient estimates and t-statistics were —0.099 (0.84) and -0.079
(0.72). There is thus no evidence that price changes lagged more than four
quarters belong in the wage equation.

Two sets of estimates of Model 2 are presented in Table 1. The estima-
tion techniques for the first set are ordinary least squares for the price
equation and 2SLS for the wage equation. The estimation technique for
the second set is 3SLS. There are no endogenous explanatory variables in
the price equation. The unemployment rate in the wage equation was
taken to be an endogenous variable. The two sets of estimates are very
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close. The correlation coefficient for the error terms in the two equations
was only 0.030, and so very little was gained by using 3SLS. Comparing
the single-equation fits with those for Model 1, the price equation has a
larger standard error (0.00404 versus 0.00377) and the wage equation has
a smaller standard error (0.00565 versus 0.00581).

Model 3

As will be seen in a later section, there is a tradeoff between the unemploy-
ment rate and inflation implicit in Model 2.7 There is, however, a restriction
that can be placed on the coefficients of Model 2 that implies no long-run
tradeoff. Model 3 is Model 2 with this restriction imposed. The restriction is as
follows. Let p; = log P; — log P, jand w,; = log W, — logW,;,i = 0,
1,...,4. Write the price and wage equations of Model 2 as

() P =7Z + Bipy + BaWey + Wi + Wo3 + Wi-d),
6) W=+ Y11 + ez + Pr3 + DPrd) + 72UR,,

where Z; = 8y + Bilog(l + d_)) — log(l + d._s)] + Bs(log PIM,_, — log

PIM,_3). Consider now asteady state wherep = p, = Py = ..., W = W, =
Wey=..,Z=2Z=2Z,=..,andUR = UR, = UR,,,....Inthiscase
(5) and (6) can be written

(M) D=2Z+ 8D + 48w,
@) W =1+ 4y;p + y,UR.
Substituting (8) into (7) and rearranging terms yields

©) (1 =By = 168yy) b = Z + 4Bxyo + 4B,7,UR.

7. There is a tradeoff in the sense that given the two estimated equations of Model 2, a
change in the unemployment rate leads to a finite long-run change in the rate of inflation.
This assumes that the structure of the wage and price equations is stable over time. For exam-
ple, part of what the equations are picking up are effects of expectations of future wage and
price behavior on current behavior. If the expectation mechanism that is approximated by
the equations changes, for whatever reason, the stability assumption is violated. Sargent
(1971) has stressed the fact that estimated coefficients of lagged dependent variables in wage
and price equations are picking up both the effects of lagged values on expected future values
and the effects of expected future values on current values. Without extra assumptions, it is
not possible to separate the two kinds of effects. For present purposes it is unnecessary to do
this if one is willing to make the above stability assumption, as is done here.
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there is no long-run tradeoff, and this is the restriction that was imposed
on Model 3.

The estimates with this restriction imposed are presented in Table 1. The
equations were estimated by 3SLS, where UR, was treated as an endoge-
nous variable. The value of the 3SLS objective function was — 116.669 for
the unrestricted estimates and — 128.525 for the restricted estimates, for a
difference of 11.856. Again, this difference is asymptotically distributed as
x2 with one degree of freedom. The 11.856 value is considerably above the
critical x? value at the 95 percent confidence level of 3.84, and so the re-
striction is not supported by the data. The single equation fits for the price
and wage equations are 0.00415 and 0.00578 for the restricted estimates,
which compare to 0.00404 and 0.00565 for the unrestricted estimates.

Given the coefficient estimates of Model 3 and given an assumption about
the long-run value of Z, one can compute the value of the unemployment rate
(say UR*) for which inflation neither accelerates nor decelerates. Under the as-
sumption that the long-run growth rate of d, is zero and that the long-run
growth rate of the import price deflator is 7.0 percent at an annual rate, the
value of UR* is 6.25 percent. This value is simply computed by salving the
equation 0 = Z + 48yy + 4Bry2UR for UR. The long-run rate of change of
the price level that corresponds to this value of UR is 3.39 percent at an annual
rate. The corresponding growth rate for the nominal wage is 5.06 percent, and
the corresponding growth rate for the real wage is 1.62 percent.

A comparison of the models

Although the single equation fits are available from Table 1, these fits are not
the appropriate criterion for comparing the models. Among other things, they
do not test for the dynamic accuracy of the models, and they do not account in
an explicit way for the possible misspecification of the models. The method in
Fair (1980) can be used to compare models, and this method is used in this sec-
tion to compare the three models.

The method accounts for the four main sources of uncertainty of a forecast:
uncertainty due to 1) the error terms, 2) the coefficient estimates, 3) the exoge-
nous variables, and 4) the possible misspecification of the model. Because it ac-
counts for these four sources, it can be used to make comparisons across models.
In other words, it puts each model on an equal footing for
purposes of comparison. Exogenous variable uncertainty is not a problem
in the present case because each model has the same exogenous variables,
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namely d; and PIM,. Therefore, exogenous variable uncertainty has not
been taken into account: both d, and PIM, have been assumed to be
known with certainty. The following is a brief outline of the method except
for the part pertaining to exogenous variable uncertainty.

The method

Assume that the model has m stochastic equations, p unrestricted coef-
ficients to estimate, and T observations for the estimation. The model can
be nonlinear, simultaneous, and dynamic. Let S denote the covariance
matrix of the error terms, and let V denote the covariance matrix of the
coefflclent estimates. Sism x mand Visp x p. An estimate of S, say S is
(IIT)UU where Uisanm x T matrix of estimated errors. The estimate of
V, say V depends on the estimation technique used. Let & denote a p-
component vector of the coefficient estimates, and let u, denote an m-
component vector of the error terms for period t.

Uncertainty from the error terms and coefficient estimates can be esti-
mated in a straightforward way by means of stochastic simulation. Given
assumptions about the distributions of the error terms and coefficient esti-
mates, one can draw values of both error terms and coefficients. For each
set of values the model can be solved for the period of interest. Given, say,J
trials, the estimated forecast mean and estimated variance of the forecast
error for each endogenous variable for each period can be computed. Let
Yir denote the estimated mean of the k-period-ahead forecast of variable i,
where t is the first period of the forecast, and let 5%, denote the estimated
variance of the forecast error. ¥y is simply the average of the J predicted
values from the J trials, and &, is the sum of squared deviations of the
predicted values from the estimated mean divided by J.

It is usually assumed that the distributions of the error terms and coeffi-
cient estimates are normal, although the stochastic-simulation procedure
does not require the normality assumption. The normality assumption has
been used for the results in this paper. Let u; be a particular draw of the
error terms for perlod t,and let o* be a partjcular draw of the coefficients.
The distribution of ut is assumed to be N(0 S), and the distribution of a* is
assumed to be N(&, V).

Estimating the uncertainty from the possible misspecification of the
model is the most difficult and costly part of the method. It requires suc-
cessive reestimation and stochastic simulation of the model. It is based on
a comparison of estimated variances computed by means of stochastic
simulation with estimated variances computed from outside-sample
(i.e., outside the estimation period) forecast errors. Assuming no
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stochastic-simulation error, the expected value of the difference between the
two estimated variances for a given variable and period is zero for a correctly
specified model. The expected value is not in general zero for a misspecified
model, and this fact is used to try to account for misspecification.

Without going into details, the basic procedure is to estimate the model
over a number of different estimation periods and for each set of estimates
to compute the difference between the two estimated variances for each
variable and length ahead of the forecast. The average of these differences
for each variable and length ahead provides an estimate of the expected
value. Let d; denote this average for variable i and length ahead k. Given
d,, the final step is to add it to &,. This sum, which will be denoted &, is
the final estimated variance. Another way of looking at d; is that it is the
part of the forecast-error variance not accounted for by the stochastic-
simulation estimate.?

The results

Table 2 contains the results. The values in the a rows are stochastic-
simulation estimates of the forecast standard errors based on draws of er-
ror terms only. The values in the b rows are based on draws of both error
terms and coefficients. The results are based on 500 trials for each of the
two stochastic simulations.® The simulation period is 1982:11-1984:1. In
terms of the above notation, the b-row values are values of &;. Each model
consists of three equations: the price equation, the wage equation, and an
identity determining the real wage, W/P.

For the misspecification results, each model was estimated and stochas-
tically simulated 37 times.'° For the first set, the estimation period ended

8. Strictly speaking, dy, is not a measure of the misspecification of the model (for the k-
period-ahead forecast of variable i). Misspecification can affect the stochastic simulation esti-
mate of the variance, (6% , and d; is merely the effect of misspecification on the total
variance not reflected in a?;. For purposes of comparing the models, it does not matter how
much of the misspecification is in 3. The variance that is used for comparison is the total
variance, &%tk.

9. The 3SLS estimates of each model were used for these simulations, including the 3SLS
estimates of S and V. The errors in Table 2 are in units of percent of the forecast mean. See the
discussion in Chapter 8 in Fair (1984) for the exact way in which the percentage errors are
" computed.

10. Because the OLS-2SLS and 3SLS estimates of Model 2 were so close for the results in
Table 2, the OLS-2SLS techniques were used for the successive reestimation for Model 2. Esti-
mating a model 37 times by 3SLS is expensive, and for Model 2 it seemed unnecessary to do
this. The estimate of V for the OLS-2SLS techniques was assumed to be block diagonal for
purposes of the stochastic simulation draws. Both Models 1 and 3 were estimated 37 times by
3SLS.
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TABLE 2
Estimated Standard Errors of Forecasts for 1982:11-1984:1
for the Three Models
1982 1983 1984
I m )i I yig m v I
Price level (P)
Model 1:a 37 51 61 69 s 78 83 86
b 37 54 61 79 87 98 1.03 115
d 50 83 111 147 184 221 2.55 2.94
Model 2:a 41 66 88 L1 138 162 19 217
b 39 68 93 121 1.51 179 209 242
d 53 99 145 199 259 318 380 451
Model 3:a 41 70 98 127 1.59 194 233 275
b 43 73 100 131 171 210 254 3.0
d 49 85 117 159 213 265 309 367
Nominal wage (W)
Model 1:a 54 18 9 106 117 1.26 132 1.40
b 57 78 98 118 140 151 164 1.82
d 52 7 87 100 124 147 1.7 2.10
Model 2: a 54 76 98 120 141 1.68 1.90 215
b 56 83 110 138 112 207 24 272
d 54 80 99 121 161 216 254 2.95
Model 3:a 57 82 105 130 160 193 225 2.65
b 60 87 113 141 176 214 257 2.98
d 66 1.08 141 171 213 263 299 328
Real wage (W/P)
Model I:a 62 S  LI0 119 130 138 145 1.52
b 66 94 115 129 149 163 174 1.89
d 70 9 1.07 114 135 1.55 182 222
Model 2: a 67 88 104 LIS 120 127 131 1.40
b 68 97 L3 127 139 147 1.54 1.59
d 7 101 122 145 160 169 1.84 197
Model 3:a 66 93 108 LI0 L4 120 126 1.36
b ki 101 1200 125 1.33 1.35 139 146
d 78 106 128 147 1.58 1.64 181 1.96

Notes: a = Uncertainty due to error terms.
b = Uncertainty due to error terms and coefficient estimates,
¢ = Uncertainty due to error terms, coefficient estimates, and the possible misspecification of the model.

Errors are in percentage points.

in 1974:1V and the simulation period began in 1975:1. For the second
set, the estimation period ended in 1975:1 and the simulation period
began in 1975:I1. For the final set, the estimation period ended in
1983:1V and the simulation period began in 1984:1. The beginning
quarter was 1954:I for all estimation periods. The length of the first 30
simulation periods was eight quarters. Since the data set ended in
1984:1, the length of the 31st simulation period, which began in
1982:111, was only seven quarters. Similarly, the length of the 32nd per-
iod was six, and so on through the length of the 37th period, which was
only one quarter. For each of the 37 sets of estimates, new estimates of
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V and S were obtained. Each of the 37 stochastic simulations was based on
200 trials.

The results produced for the one-quarter-ahead forecast for each of the
three endogenous variables 37 values of the difference between the esti-
mated forecast-error variance based on outside-sample errors (i.e., the
squared forecast errors) and the estimated forecast-error variance based on
stochastic simulation. The average of these 37 values was taken for each
variable. In terms of the above notation, this average is d;, where i refers to
variable i and the 1 refers to the one-quarter-ahead forecast. The total vari-
ance for the one-quarter-ahead forecast of variable i is @, + dy, which in
terms of the above notation is &;. For the results in Table 2, t is 1982:11,
and the d-row value for 1982:1I for each variable is the square root of .
The calculations for the two-quarter-ahead forecasts are the same except
that there are only 36 values of the difference between the two estimated
variances for each variable. Similarly, there are only 35 values for the
three-quarter-ahead forecast, and so on.

The d-row values in Table 2 can be compared across models. For both
the price level and the nominal wage, Model 1 is the clear winner. It has
the lowest standard errors for all the periods except for the one-quarter-
ahead forecast of the price level, where the standard error is 0.50 for
Model 1 and 0.49 for Model 3. By the end of the eight-quarter horizon,
the differences in the standard errors are fairly large. For the price level,
the eight-quarter standard errors are 2.94 for Model 1, 4.51 for Model
2, and 3.67 for Model 3. For the nominal wage, the errors are 2.10 for
Model 1,2.95 for Model 2, and 3.28 for Model 3. With respect to Model
2 versus Model 3, Model 3 does better for prices and Model 2 does bet-
ter for wages.

The results for the real wage are closer. Model 1 is the best for the
first six quarters, the models essentially tie for the seventh quarter, and
Models 2 and 3 are better than Model 1 for the eighth quarter. In gen-
eral the results are fairly close, and there is no clearcut winner.

Properties of the models

For each model, it is straightforward to compute the tradeoff be-
tween the unemployment rate and inflation. A simulation is first run
using a particular value of the unemployment rate, and then another
simulation is run using another value. The differences in the predicted
values from the two simulations are the estimated tradeoffs. Before do-
ing this, however, it will be useful to consider some issues regarding the
behavior of the real wage.



72 ) Ray C, Fair

Real wage issues

There appear to be constraints on the long-run behavior of the real wage
that are not necessarily captured by equations like those for Models 1,2,
and 3. Consider, for example, a profit share variable, denoted SHR,
which is defined to be the ratio of after-tax profits of the firm sector to the
wage bill of the firm sector net of employer Social Security taxes.!! The
mean of this variable for the 1954:1-1984:1 period is 0.109, with a maxi-
mum value of 0.136 in 1979:11I and a minimum value of 0.066 in 1983:L.
The variable has essentially no trend throughout this period. A regression
of SHR« on a constant term and time trend for this period yields a coeffi-
cient estimate of the time trend of — 0.000084, with a t-statistic of — 1.91.
This coefficient multiplied by 121, the number of observations, yields

—0.010, which is the estimated trend change in SHR . This is a fairly
small change over the 30-year period.

Now, a fall in the level of the real wage of 1 percent leads to a rise in
SHR of approximately 0.0075. If a given experiment with the price and
wage equations results in a large change in the long-run level of the real
wage, this may imply values of SHR 7 that are considerably beyond the
historical range. If so, this may call into question the long-run properties,
since there may be forces at work (not captured by the equations) keeping
SHR = at roughly a constant level in the long run. It is thus important
when examining the following results to look carefully at the long-run be-
havior of the real wage.

Unemployment-inflation tradeoffs

Results for the first set of experiments are presented in Table 3. The first
simulation for each model began in 1984:11, which means that the initial
conditions through 1984:I were used. The simulation was allowed to run
for 140 quarters. An unemployment rate of 7.8 percent was used for all
future periods. The annual rate of growth of the import price deflator was
taken to be 7.0 percent. The rate of growth of the employer Social Security
tax rate (d,) was taken to be zero throughout the period. The second simu-
lation for each model differed from the first only in the unemployment rate
that was used. Unemployment was lowered to 6.8 percent for all future
periods for this simulation. The results in Table 3 are the differences be-
tween the two simulations.

As can be seen, the models have quite different long-run properties. For
Model 1, the 1 percentage point drop in the unemployment rate leads to an
eventual rise in the price level of 5.15 percent and in the wage level of 4.81

11. SHR 7 is a variable in my U.S. model. See Fair (1984) for the precise definition of it.



TABLE 3

Response of Prices and Wages to a One Percentage Point Fall in the Unemployment Rate

Model I Model 2 Model 3
b b/pb ) y/a b b, /b 3 b b, 7 7
Qurters P p pe W g PP L P e P e e PN P e W we_ e W) (7
Ahead  pa wepe | Pbf P wea wa/pe | P%) | P2 wape | P |P

1 10000 001 10008 035  1.0008 032 [1.0000 00 10012 048 10012 048 10000 00 10015 063 10015 0.61
2 10021 088 10026 079 1.0005 -0.0 [1.0002 007 10023 048 10022 040 10003 0.2 10030 063 10027 0.49
3 10041 084 10044 076 10003 -0.0 |1.0006 016 10035 050 10030 032 10010 028 1.0046 065 10036 036
4 10060 080 10061 073 10001 -009 |1.0012 026 10048 052 10036 025 10021 045 1.0063 071  1.0043 0.25
s 10079 077 10077 070 09999  -008 10021 037 10062 057 10041 020 10036 064 10083  0.82  1.0047 0.16
6 1009 074 10093 067 09997  -008 |1.0031 041 10077 064 10046 022 10054 073 10106 096 10052 021
7 10113 071 10108 064 09995  -007 |1.0041 044 1009 070 10052 024 10075 083 10133 110  1.0058 025
8 10130 068 10123 062 0993 -007 10053 048 10112 075 10058 025 10098 094 10163 122 10064 026
9 10145 065 10137 059 09992 -006 |10066 053 10131 079 10064 025 10124 108 10196 133 10070 023
10 10160 062 10150 057 0999  -006 |1.0080 057 1.01S1 082 10070 023 10155 121 10231 143 10075 0.19
11 10175 060 10163 055 09989  —006 |1.0095 061 10171 085 10076 022 10188 135  1.0269 153  1.0079 0.16
12 10188 057 10176 053 09988  -005 [1.0110 064 10192 088 10081 022 10225 147 10310 165 10083 0.15
13 10202 055 10188 051 0998  -005 |[1.0127 067 10214 090 10086 022 10265 159 10354 177 1.0087 0.15
14 10214 053 10199 049 09985 005 [10144 070 10237 093 10092 022 10308 171 1.0401  1.88  1.0090 0.14
15 10226 051 10210 047 09984 004 [10162 072 1.0260 095 10097 021 10355 1.83  1.0452 199 10093 0.13
16 10238 048 10221 045 09983  -004 |1.0180 074 10284 097 10102 021 10405 196 10505 210  1.0096 0.11
17 10249 046 10231 043 09982 -004 |1.0198 076 1.0308 099 10108 021 10459 208 1.0562 221  1.0098 0.09
18 10260 045 10241 041 09981  —004 [10218 078 10333 100 10113 021 10516 221 10621 232 10100 0.08
19 10270 043 10250 040 09980  -003 |1.0237 080 10358 102 10118 021 10577 233 10685 243 10102 0.06
20 10280 041 10259 038 . 09980  -003 [1.0257 081 10383 103 10123 020 10641 245 10751 254 10103 0.05
30 10360 027 10333 026 09974  -002 [1.0474 090 10655 L1l 10173 020 11504 366 11613 362 10095 -0.10
40 10412 018 10382 017 09971  -001 [1.0709 093 10947 114 10222 0.9 12829 483 12895 468 10052 -0.24
60 10470 008 10438 008 09969 -000 [1.1209 095 11566 116 1.0318 0.9 17514 709 17267 673 09859  -0.53
80 10496 003 10462 003 09968 -000 ([11736 095 12224 116 10416 019 27077 923 25812 868 09533  —0.83
100 10508 002 10474 002 0998 -000 [1.2289 095 12921 116 10514 0.9 47408 1125 43077 1054 09086  -1.13
120 10513 001 10479 001 09968 -000 [12868 095 13657 Li6 10613 0.9 93999 1317 80258 1232 08538 -142
140 10515 000 10481 000 09968 -000 |13474 095 14435 116 10714 019  [211064 1498 166934 1400 0799 -172

Notes: ®Predicted value for a sustained unemployment rate of 7.8 percent.
bPredicted value for a sustained unemployment rate of 6.8 percent.
“Percentage change at an annual rate.

Initial conditions were the actual values through 1984 I.
The import price deflator was assumed to grow at an annual rate of 7.0 percent throughout the period.
The rate of growth of d, was assumed to be zero throughout the period.
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percent. The real wage falls slightly (by 0.32 percent). At the end of the
first year the price level is 0.60 percent higher; at the end of the second year
itis 1.30 percent higher; and at the end of the fourth year it is 2.38 percent
higher, which is about halfway to the final increase of 5.15 percent. Not
counting the first quarter, the increase in the rate of growth of the price
level falls from 0.88 in the second quarter, to 0.80 in the fourth quarter, to
0.68 in the eighth quarter, to 0.48 in the sixteenth quarter, and to zero after
140 quarters. A similar pattern holds for the nominal wage.

For Model 2, the 1 percentage point drop in the unemployment rate
leads to an eventual increase in the rate of change of the price level of 0.95
percent. The eventual increase in the rate of change of the nominal wage is
1.16 percent, and the eventual increase in the rate of change of the real
wage is 0.19 percent. The price and wage levels are, of course, ever-
increasing. After 140 quarters the price level is 34.74 percent higher, the
nominal wage is 44.35 percent higher, and the real wage is 7.14 percent
higher. At somewhere between 30 and 40 quarters, the price level becomes
5.15 percent higher, which is the long-run total for Model 1.

Itis interesting to compare the first few quarters for Models 1 and 2. The
rate of inflation is initially much larger for Model 1 than for Model 2. Af-
ter eight quarters the price level is 1.30 percent higher for Model 1, com-
pared to 0.53 percent higher for Model 2. The rate of inflation for Model 1
falls from 0.88 in the second quarter to 0.68 in the eighth quarter. For
Model 2 the rate of inflation rises from 0.07 in the second quarter to 0.48
in the eighth quarter. There is thus much more of a short-run tradeoff for
Model 1 than for Model 2. The rates of inflation cross at quarter 11, where
they are 0.60 for Model 1 and 0.61 for Model 2. After quarter 11 the rate of
inflation rises to 0.95 for Model 2 and falls to zero for Model 1. The price
levels cross somewhere between quarters 20 and 30.

Consider now the results for Model 3. The unemployment rates of 6.8
and 7.8 percent are above the non-decelerating rate of 6.25, and so for both
simulations the rate of inflation is decelerating. Although not shown in
Table 3, the rate of inflation becomes negative in quarter 18 for the simula-
tion in which the unemployment rate is 7.8 percent. By quarter 140 the
rate of inflation is — 20.96 percent. The differences in Table 3 for Model 3
are thus differences between two decelerating paths. It is interesting to
note that the differences for the first few quarters for Model 3 are not all
that different from the differences for Model 2, although they are some-
what higher for Model 3.

With respect to the behavior of the real wage, the results for Model 1
show little change in the long-run level of the real wage. The fall in the



TABLE 4
Response of Prices and Wages to a One Percentage Point Increase in the Rate of Change of the Import Price Deflator
Model | Model 2 Model 3

qures P o ne ¥ o e PR AN e e PR U e B e 22 W |
Ahwdpapbpaw" weps \PY (P2 J| P we waps (PP \P° )| P Wa weps | P2 (P

10001 003 10000 002 10000 -002 10000 00 1.0000 00 1.0000 0.0 1.0000 0.0 1.0000 0.0 1.0000 0.0

1.0002 007 10001 003 09999  -003 [1.0001 006 10000 00 0.9999  -0.05 1.0001  0.04  1.0000 0.0 09999  -0.04
16005 010 10002 005 09998 004 |1.0004 0.3 10000 001 0999  -0.l 1.6004  0.10  1.0000 001 09997  -0.09
10008 0.2 10004 007 09996  -006 |1.0008 015 10001 003 09993 -0.11 1.0007 0.2 1.0001 003 09994  -0.09
10011 015 10006 008 09995 -007 [10012 0.6 10002 006 0990  -0.10 1.0010 0.14  1.0002 006  0.9993 -0.08
10015 018 10008 010 09993 -008 [1.0016 0.7 10005 009 09988  -0.08 1.0014  0.15  1.0005 0.09  0.9991 -0.06
10020 020 10011 011 0999  —-009 [10021 0.9 10007 0.1 09986  -0.08 1.0018 017  1.0007 011 09990  -006
10026 023 10013 012 09988  -0.10 [1.0026 021 10010 012 09984  -0.09 1.0023 020 1.0011 0.13 09988  -007
10032 025 10017 0.3  0.9985 -0.11 10031 023 10013 013 09982  -0.10 1.0028 023  1.0014 0.15  0.9986 -0.08
10038 027 10020 015 09982 0.2 [1.0037 024 10016 014 09979  -010 1.0034 025 10018 017 09984  -0.09
1.0045 029 10024 016 09979  -0.3 [1.0043 025 10020 0.5 09977 -0.10 1.0041 027 10023 019 09982  -0.09
10052 031 10028 017 09976 —-0.14 {10050 026 10024 016 09974  -0.10 1.0048 029  1.0028 021 09980  -0.09
10060 033 10032 018 09972 -0.14 [10056 027 10028 017 09972 -010 1.0056 032  1.0034 023  0.9977 -0.09
10068 034 1003 019 0998 0.5 |[1.0063 028 10033 018 09970 -0.10 1.0065 034  1.0040 025  0.9975 -0.09
10077 036 10041 020 09%5 -016 [10070 029 10037 019 0997 -0.10 1.0074 036  1.0047 027 09973  -0.09
1.0086 038 10046 021  0.99! -0.16 [1.0078 030 10042 020 09%5 -0.10 1.0084 039  1.0054 029  0.9971 -0.10
10095 039 10051 022 09956  -017 |[1.0085 031 10047 020 09%2  -0.10 1.0094 041  1.0062 031 0.9968 -0.10
10105 041 1005 023 09952  -0.17 {10093 031 10052 021 09959  -0.10 1.0105 043 10070 033 09%6  -0.10
10115 042 10062 024 09948  —0.8 [1.0101 032 10057 021 09957 -0.10 10116 045  1.0079 035  0.9963 -0.10
10125 043 10067 024 09943  -0.18 [1.0108 032 10062 022 09954  -0.10 10128 047  1.0088 037 0990  -0.11
10242 053 10133 031 09893 -022 {10193 036 10120 025 09928  -0.lI 1.0282 069 10210 057 09930 -0.13
10379 059 10211 035 09838 -023 (10283 037 10181 026 09901 =0.11 1.0499 090  1.0387 076 09894  -0.16
60 10687 065 10389 039 09721 -025 |1.0470 037 10310 026 09848  -0.11 11138 130  1.0917 113 09802 -022
80 11025 068 10585 041  0.9601 -025 |10661 038 10442 027 09794 -0.11 12093 167 L1712 147 09685  -027
100 11381 069 10791 042 09482  -025 |[1.085%6 038 10575 027 0974 -0.11 13437 201 12824 179 09544  -0.33
120 11752 069 1.1004 043 09364 -025 |11055 038 10710 027 09688 -0l 1.5280 232 14332 209 09380  -0.39
140 12137 069 11223 043 09247 -025 |LI1257 038 10847 027 09636 -0l 17782 261 16350 236 09194  -044

BB xITabRGRmowRIanswN =

Notes: *Predicted value for an annual rate of change of the import price deflator of 7.0 percent. Initial conditions were the actual values through 1984 I.
bPredicted value for an annual rate of change of the import price deflator of 8.0 percent. The unemployment rate wr s assumed to be 7.8 percent throughout the period.
‘Percentage change at an annual rate. The rate of growth of d, wa assumed to be zero throughout the period.
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unemployment rate lowered the long-run level of the real wage by only
0.32 percent. The results for Model 2, on the other hand, show that the
level of the real wage is ever increasing. After 140 quarters the level of the
real wage is 7.14 percent higher, which implies a fall in SHR « of approxi-
mately 0.0075 x 7.14 = 0.054. This is about five times larger than the
trend change over the last 121 quarters between 1954:1 and 1984:1. The
long-run properties of Model 2 with respect to the real wage are thus ques-
tionable.

Effects of a change in import prices

One can also examine how the models respond to a change in import
prices. Again, two simulations can be run, one using one set of values for
future import prices and one using another. The results of this exercise are
presented in Table 4. The first simulation used an annual rate of change of
import prices of 7.0 percent, and the second used a rate of 8.0 percent. The
initial conditions were the same as those for the simulations in Table 3. An
unemployment rate of 7.8 percent was used for these results.

The increase in the rate of change of import prices led to an increase in
the rate of change of prices and wages for both Models 1 and 2. For prices,
the long-run effect is 0.69 for Model 1 and 0.38 for Model 2. For wages,
the two numbers are 0.43 and 0.27. The long-run rate of change in the real
wage fell in both cases. The fall was larger for Model 1 than for Model 2
(-0.25 vs. -0.11). Although the long-run properties differ somewhat, the
short-run properties of the two models are quite close, as an be seen from
examining, say, the first eight quarters in Table 4. The short-run results for
Model 3 are also fairly close to those for Models 1 and 2. The long-run
results for Model 3 are, of course, vastly different.

All three models have ever falling real wage levels, which is not sensible.
All three models are thus at fault in this regard. This problem is discussed
in the next section.

General remarks
Long-run tradeoffs

The two key questions regarding the long-run tradeoff between unem-
ployment and inflation are 1) whether there is any tradeoff and 2) if there
is one, whether it is in terms of the level of prices or the rate of change
of prices. The results of comparing the three models above indicate
that Model 1 is more accurate than Models 2 and 3, and so from these
results one would conclude that there is a tradeoff and that it is in terms of
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the level of prices. If the choice is merely between Models 2 and 3, the
results are inconclusive. 2

Although Model 1 does seem to be the best approximation of the three,
the results must be interpreted with considerable caution. As noted in the
first section, macro data have a difficult time discriminating among alter-
native lag distributions, and alternative lag distributions can have large ef-
fects on the long-run properties of a model. One should clearly put much
less weight on the long-run properties of the models than on the short-run
properties (say, up to eight or twelve quarters ahead).

One may at first be surprised to think that the tradeoff between unem-
ployment and inflation may be in terms of the level of prices rather than
the rate of change, but there is no theoretically compelling reason to rule
out the level tradeoff without testing the two possibilities. As noted above,
it seems natural, given my theoretical model, to specify the price and wage
equations in level terms. In general, there seems no reason to expect that a
permanent shift in demand will necessarily lead to a permanently higher
rate of change of prices and thus to an ever-increasing price level. At the
least, this issue seems open to empirical test, and the tests in this paper
provide support for the proposition that the tradeoff is in terms of levels.

Another point that should be kept in mind about Model 1 is the follow-
ing. One might argue—I think correctly—that it is not sensible to expect
that the unemployment rate could be driven to, say, 1.0 percent without
having any more effect on prices than on their levels. (The same argument
could even be made for Model 2 regarding the rates of change of prices.)
There are clearly unemployment rates below which it is not sensible to as-
sume that any of the three models provides a good approximation. Any
attempt to extrapolate a model beyond the extremes of the data is dangerous,
and this seems particularly true in the case of price and wage equations.

I sometimes try to account for the nonlinearities in price responses that
one expects to exist as the unemployment rate approaches very low levels
by using, as the demand variable in the price and wage equations, some
function of the unemployment rate (or other measure of demand). These
functions approach infinity or minus infinity as the unemployment rate
approaches some small value. This means that as the unemployment rate

12. In future work it may be possible to provide a better test of Model 2 versus Model 3.
The comparisons in this paper were only for forecasts up to eight quarters ahead. It can be
seen from Table 3 that the main differences between the two models occur after eight quar-
ters. It may thus be possible to get more conclusive results by using a forecast horizon longer
than eight quarters. No attempt was made to do this in this study.
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approaches this value, prices approach infinity. In a complete model of the
economy, prices can never by driven to infinity, and so this approach effec-
tively bounds the unemployment rate from below. The problem with this
approach is that the data generally cannot discriminate among alternative
functional forms, and so any choice is somewhat arbitrary. The approach
that I have taken in this paper is to keep the specification simple by merely
using the level of the unemployment rate as an explanatory variable. The
consequence of this is that one should not extrapolate the equations much
beyond the range of the historical data.

The real wage and the price of imports

One of the most serious problems with the models considered in this
paper is that the long-run behavior of the real wage is a function of the
price of imports. In each model the price of imports is in the price equation
but not in the wage equation, and the reduced form equation for the real
wage has the price of imports on the right hand side with a negative coeffi-
cient. In order to constrain the price of imports not to have a long-run ef-
fect on the real wage, one would have to add it to the wage equation (with
perhaps a different lag from the one in the price equation) and constrain
the coefficients in the two equations to imply no long-run effect of the
price of imports on the real wage.

Another possible way to look at this problem is the following. Over the
sample period there has been a certain trend change in the price of im-
ports. The coefficient estimates of the price and wage equations are based
on this trend. In the case of Model 1, the key coefficient estimate is the
estimate of the time trend in the wage equation. Given that the coefficient
estimates are based on this trend, it is not necessarily sensible to run an
experiment in which the rate of change of the price of imports is perma-
nently changed without also changing the coefficient estimate of the time
trend in the wage equation to adjust for this trend change. A similar ad-
justment should be made to one or both of the constant terms in Model 2.
With these adjustments, the models would still show an increase in the
rate of change of prices and wages in response to the increase in the rate of
change of the price of imports, but the coefficient adjustments could be
made to show no change in the real wage in the long run. This type of
adjustment would imply no changes in the estimated equations, only
changes in the coefficients at the time of a particular experiment.

It should be noted that an answer to the real wage problem is not to use
as the price of imports variable in the price equation the price of imports
relative to the domestic price level (i.e., PIM relative to P). Consider, for
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example, the price equation for Model 1 in Table 1, and assume that the
price of imports variable were log PIM, — log P,_; rather than log PIM,.
Since log P,_, is already in the equation, this change merely has the effect
of making the new coefficient of log P,_; equal to the old coefficient plus
the coefficient of log PIM,. The reduced form equation for the real wage
would still be the same.

The question of the nominal price of imports versus the relative price of
imports brings up an important issue about the experiments in Table 4.
Consider Model 1. The increase in the rate of change in the price of im-
ports of 1.0 percent led to a long-run increase in the rate of change in the
domestic price of 0.69 percent, which implies a long-run increase in the
rate of change in the relative price of imports of about 0.31 percent. Al-
though the relative price of imports fluctuates considerably in the short-
run and even in the intermediate run, it is not necessarily sensible to
assume that it will continually rise or fall in the very long run. One may
thus want to design experiments in which the relative price of imports does
not change in the long run. Again, however, this issue is separate from the
problem of the real wage being a function of the price of imports.

If one believes that the nominal price of imports should be constrained
to grow at the same rate as the domestic price level in the long run, then the
coefficient constraint imposed on Model 3 should be changed. The con-
straint (10)shouldread 1 — 3, — 168yy; — 28; = 0, where 3 is the coeffi-
cient of log PIM,_; — log PIM,_; in the price equation. This was not done
for the present set of results.

It is clear that more work needs to be done regarding the long-run be-
havior of the real wage and the price of imports. In some cases alternative
specifications should be tried, such as the choice of constraint imposed on
Model 3, and in some cases alternative experiments should be designed.
This is an important area for future research.

Policy options

There is little more to be said about policy options that is not obvious
from the results in Table 3. If one believes that Model 1 is the best approxi-
mation, the tradeoffs can be read from the results for Model 1. The cost of
a fall in the unemployment rate of 1 percentage point is an increase in the
price level of 1.30 percent after 8 quarters. If Model 2 is chosen, the cost is
an increase of 0.53 percent after 8 quarters. If one’s horizon is 20 quarters,
the estimated cost is about the same for both models: 2.80 percent for
Model 1 and 2.57 percent for Model 2. After 20 quarters, the estimated
costs from the two models diverge rapidly, and this is where the most
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uncertainty lies. For Model 1 there is an increase in the price level of 5.15
— 2.60 = 2.55 percent left. For Model 2 there is an increase in the rate of
change of prices of 0.95 ~ 0.81 = 0.14 left.

Consequences for macroeconomic research

One of the important results of this paper is that the no long-run tra-
deoff model, Model 3, does not appear to be as gocd an approximation to
the economy as does Model 1. The comparison with Model 2 is inconclu-
sive, although it is certainly not the case that Model 3 dominates Model 2.
This result has important consequences for macroeconomic research.
Economists with such diverse views as Tobin and Lucas seem to agree with
the Friedman-Phelps proposition that there is no long-run tradeoff be-
tween unemployment and inflation. (See Tobin [1980], p. 39, and Lucas
[1981], p. 560.) Lucas (1981) points out in his review of Tobin’s (1980) book
that most of the recent developments in macroeconomic theory have been
motivated by the problem of reconciling the natural rate hypothesis of
Friedman and Phelps with an adequate treatment of output and employ-
ment fluctuations. I think Lucas is right in arguing that Tobin cannot ac-
cept the proposition of no long-run tradeoff and at the same time accept
short-run propositions that do not imply the Friedman-Phelps proposition
in the long run. The long run is simply a sequence of short runs.

Where I think both Tobin and Lucas have missed the mark is in so read-
ily accepting the Friedman-Phelps proposition. The evidence in this paper
suggests that this proposition may not be true, and at the least, the validity
of the proposition is highly uncertain. It seems unwise to me to have based
more than a decade of macroeconomic research on such a proposition.
The present results suggest that more thought should be given to the possi-
bility that the concept of a natural rate of unemployment is not a useful
one upon which to base a theory.!* One can argue that the present results
do not discredit the natural rate hypothesis if one believes that the struc-
ture of the price and wage equations is not stable because of shifts in the
mechanism by which expectations are formed (see footnote 7). While this
is certainly true, it again seems unwise to have based so much research on
this particular belief.

13. The theory upon which my macroeconometric model is based does not use the concept
of a natural rate of unemployment. See Fair (1984), in particular pp. 15-16 and 90-91.
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Commentary

Robert J. Gordon

The long-run tradeoff debate in perspective

During much of the past decade the Phillips curve was treated by many
macroeconomists as an extinct prehistoric fossil, ridiculed as “fundamen-
tally flawed” and part of the more general failure of Keynesian ma-
croeconometrics.! But more recently a modest revival has begun for the
beleaguered Phillips curve, a label that I mean to embrace any dynamic
econometric specification in which the rate of change of wages or prices is
related to the level of unemployment (or some similar utilization variable)
and other factors. This revival is one more example of the impact of eco-
nomic events on ideas. The Phillips curve had earlier been discredited
when its prediction of an inverse relationship between inflation and unem-
ployment was contradicted in the 1970s by the emergence of a positive
relationship. The revival can be attributed to the relative success of pre-
1981 Phillips curves in tracking the 1981-83 disinflation. Indeed, recent
papers by Eckstein (1983), Englander-Los (1983), Perry (1983), Blanchard
(1984), and myself (1984) find little evidence of instability in the Phillips
curve, nor a failure to track the major portion of the recent disinflation.

Partly because Phillips-curve econometrics has been out of fashion, in
recent years there have been relatively few conference sessions devoted to
the numerous issues that arise in the specification of wage and price dy-
namics for the postwar U.S. economy.? Several weeks ago Ray Fair and I
agreed that this session would provide a useful occasion to expose some of

1. The quotes are from Lucas and Sargent, 1978, pp. 49, 56.

2. This neglect reflects in part the greater attention to long-period historical analyses, as in
Schultze (1981, 1984), Taylor (1984), and the references cited therein. There has also been
substantial attention to contrasts between the wage-price adjustment process in Europe and
the U.S., as in Sachs (1983).
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these issues to open discussion and scrutiny, and to facilitate this inter-
change he provided me with his data, so that we need not be concerned about
data discrepancies as a source of differing conclusions in what follows.

Fair’s paper raises two major issues that I'll discuss in detail: (1) his evi-
dence “against the Friedman-Phelps proposition of no long-run tradeoff
and (2) the case he makes for a simple specification as contrasted with
mine that he rightly characterizes as being more detailed in its implemen-
tation. His paper also develops a methodology for model comparison that
is novel but complex. I view model comparison the same way he views
model specification—simpler is better. I'll report comparisons of his and
my approaches to specification using the old-fashioned garden-variety cri-
teria of t-ratios and F tests on sets of omitted variables, and Chow tests and
post-sample-period dynamic simulations to reveal structural shifts, and I
won't try to duplicate or comment on his more involved procedure for
model comparison.

Fair’s models 1 and 2 incorporate a long-run tradeoff between inflation
and unemployment because, as a mechanical matter, the sum of coeffi-
cients on lagged inflation in the wage equation is less than unity. His claim
that such a wage equation provides evidence against the Friedman-Phelps
natural-rate hypothesis (NRH) that no such long-run tradeoff exists imme-
diately confronts the counterargument provided by Sargent (1971). The
coefficient on lagged inflation in the wage equation represents a convolu-
tion of two separate sets of coefficients that cannot be separately identi-
fied: the coefficient on expected inflation, and the coefficient on lagged
inflation in the formation of expected inflation. The finding that the prod-
uct of the two coefficients is less than unity in one particular sample per-
iod does not provide any evidence that in another sample period, having a
different monetary policy, the same rational agents might not apply a coef-
ficient of unity to past inflation.

The logic of Sargent’s argument is asymmetric. It demonstrates that
those like Fair who estimate coefficients less than unity provide no evi-
dence against the NRH, but it does not deny that those who estimate coef-
ficients of unity provide evidence consistent with the NRH. Here again it
is useful to recall the interaction of events and ideas. The Friedman and
Phelps argument was brought to public attention in 1967 and 1968, just
when the U.S. inflation rate was soaring upward beyond the predictions of
the then-dominant econometric models. A last-ditch rear-guard action to
defend the negative long-run tradeoff against the NRH was fought in
1969-71 by a number of economists, including myself in two early papers.
However, there was no Dunkirk, and we did not escape from the invaders.
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Instead, three factors came together to buy forever the opposition to the
long-run version of the NRH. First was the failure of inflation to slow
down in the recession of 1969-70, leading the Nixon administration in
frustration to impose wage and price controls in August 1971. Second was
the 1971 Sargent paper. Third was the growing econometric evidence, pro-
vided initially by Eckstein-Brinner (1972) and myself (1972), that, as addi-
tional data had accumulated, there was no longer evidence that the
relevant sum of coefficients on past inflation was significantly less than
unity. Thus the econometric argument that Sargent had invalidated could
not even by sustained any longer on U.S. postwar data.

Over the past decade, whatever other changes have occurred in the way
that Phillips curves are specified and estimated, one constant element has
been that the data continue to be consistent with the NRH. Why, then, do
the estimates of Fair’s models 1 and 2 contain coefficients on past inflation
low enough to yield a negatively sloped long-run tradeoff in his simulation
exercises? The basic answer, as we shall see below, is an exclusion restric-
tion imposed on his model—he allows only a short lag distribution on past
prices, and dropping this restriction by introducing additional lags raises
the sum of coefficients to unity.

Issues in the specification of reduced-form Phillips-curve equations

This restriction is just one example of the many choices that must be
made in the specification of Phillips curve equations, or, more generally, of
any reduced-form characterization of the economy’s dynamic aggregate
supply schedule. Yet these choices must be made, for too many important
issues in understanding macroeconomic behavior and the choices open to
policymakers rest on estimates of such schedules. Is there a natural rate of
unemployment? Has it changed? How rapidly will inflation accelerate or
decelerate when the economy is away from the natural rate? What is the
economy’s “sacrifice ratio; that is, the amount of output that must be sac-
rificed to achieve a permanent reduction of inflation by a given amount?
Why were inflation and unemployment related negatively in the 1950s
and 1960s but positively in the 1970s?

And there are smaller questions as well, each of which has already stim-
ulated a substantial literature. Does a change in the relative price of oil
influence the aggregate price level? Did the Nixon price controls work,
temporarily or permanently? Did changes in payroll tax rates or the mini-
mum wage rate aggravate inflation in the past, and would the manipula-
tion of these rates give policymakers an additional instrument to influence
the economy’s sacrifice ratio? Do changes in the exchange rate and/or
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import prices influence domestic inflation, again giving policymakers an
influence of the sacrifice ratio through changes in the monetary-fiscal pol-
icy mix?

At least in principle, this set of questions can be addressed with a single
reduced-form dynamic aggregate supply equation. It is easiest to think of
such an equation as quantifying a “triangle” model of inflation. Just as we
all know that relative prices depend on demand and supply, so inflation
depends on demand and supply. The third side of the triangle, in addition
to demand and supply, is inertia, the tendency of the inflation rate to
mimic its own past behavior, due to some combination of contracts and
costs of adjustment. The reduced form of a two-equation wage-price
model like those in Fair’s paper and in my early papers, or an explicit
single-equation reduced form like those in my more recent papers, includes
variables for demand, supply, and inertia. The influence of demand is en-
tered through the level of the unemployment rate or some other economy-
wide utilization rate, and perhaps its rate of change. The influence of
supply is entered, at least in my work, through a set of changes in relative
prices, the effective exchange rate, and effective tax rates, all defined so
that when relative prices are constant and the exchange rate and tax rates
are steady, the supply variables have a zero influence on inflation. Inertia
enters through the influence of past inflation on current inflation, with
the length of the lag and the sum of coefficients on past inflation left as an
empirical question.

The long set of questions that a dynamic supply schedule is asked to
address, and the triangle approach to thinking about that schedule, help to
provide a perspective for responding to Fair’s criticisms that my inflation
equations are “too detailed” and “change so much from year to year” First,
my equations have not changed in basic format, and have always included
variables to represent demand, supply, and inertia. Second, over the years I
have addressed each of the questions in the above list, and this leads to a
research tradeoff between developing an equation with special features de-
signed to address a particular question, e.g. price controls or flexible ex-
change rates, and the alternative of attempting to develop a single
equation to address all questions. Such an equation, however useful, will
strike as “too detailed” those who are interested in a smaller set of ques-
tions. Third, over the years, responses to the emerging data and to the sug-
gestions of others have inevitably led to constructive changes, including
collapsing a two-equation wage-price model into a single-equation
reduced-form, and eliminating a variety of specially constructed variables
that were originally developed for a two-equation wage-price model but
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are no longer necessary within the context of a single reduced-form infla-
tion equation.

An assessment of Fair’s model 2

Fair’s paper presents three models, each of which contains a separate
wage and price equation. Model 1 expresses wages and prices in levels and
2 in rates of change, while 3 differs from 2 by imposing constraints that
incorporate the no-long-run-tradeoff (NRH) hypothesis. Leaving aside the
constrained model 3, which Fair rejects, there are three reasons to limit our
discussion to model 2. First, in most other comparable research, including
mine, the dependent variable is the rate of change of prices, not the level.
Second, people and policymakers appear to care about the rate of change
of prices, not the level of prices. Third, inside model 1 is a rate-of-change
equation struggling to get out, since in both the price and wage equations
the coefficient on the lagged dependent variable is greater than 0.9.

Fair presents his model in the form of separate wage and price equa-
tions, whereas my approach (1982) has been to specify the wage and price
equations and then to convert them into a general reduced form before
estimation. Here the complex task of comparing alternative specifications
is simplified if we solve Fair’s two-equation model and convert it into a
single equation for the rate of change of prices. When the wage change-
equation in model 2 is substituted into the price change equation, we
obtain

() b= By + O [EUR) + O3 + B5{E[~ | 5~i] V16lp.)
+ LD/ + O4EGM),

where the notation follows Fair, except that

Equation (1) states that the inflation rate depends on four lagged values
of the unemployment rate, UR, one lag of the dependent variable, a tent-
shaped distribution on lags 2 through 8 of the dependent variable, four
lagged values of changes in the employer Social Security tax rate, and
two lagged values of changes in the import price deflator. The lag distribu-
tions on the unemployment rate, the tax rate, and the import deflator are
all constrained to be rectangular. Note that the wage rate drops out of the
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reduced form, since lagged wage changes do not appear in Fair’s price
equation. This aspect of Fair’s model is the same as my approach and is
supported by the data in both papers (see Gordon, 1982, Table 6).

Since from this point on we limit our discussion to the reduced-form
equation 1, it is worthwhile pausing to consider several factors that make
such reduced forms preferable to separate wage and price equations. First,
separate wage and price equations cannot be distinguished as truly struc-
tural equations applying to behavior in particular markets. The behavior
of wages, for instance, can be explained just as well by the GNP gap as by
labor market variables like unemployment, suggesting that the wage equa-
tion does not provide us with any special insight about the working of la-
bor markets. Second, the two-equation approach may be prone to
simultaneous equations bias. Third, the use of separate equations led to an
artificial separation of the variables that belong in each equation. For in-
stance, the inflationary impact of the payroll tax or the Nixon wage con-
trols depends not on just their coefficient in the wage equation, but also on
the response of prices to that particular source of wage variation. Fourth,
and perhaps most important, the specification of separate wage and price
equations without any attention to the relation between the constant
terms in these equations and the rate of productivity growth yields results
like those in Fair’s Table 3 that changes in nominal GNP growth yield not
only permanent changes in the unemployment rate, but also permanent
changes in the growth rate of the real wage. If productivity growth is exog-
enous, then Fair’s simulations imply that monetary policy can cause la-
bor’s share in national income to veer off to zero or infinity.

Reduced-form equations like (1), as well as the more complex variants
used in my work, should be viewed as a convenient characterization of the
data rather than an attempt to describe structural behavior. Because the
underlying structure may shift, the coefficients in the estimated equation
may shift, so that any such single-equation approach should pay special
attention to tests of the stability of coefficients across sub-intervals within
the sample period.

Table 1 displays estimates of the separate wage and price equations of
Fair’s model 2 in columns 1a and 1b, and five alternative one-equation re-
duced forms for inflation in columns 2 through 6. Two differences in the
choice of data distinguish the results in Table 1 from related equations that
I'have estimated (in 1982): The price variable here is the implicit price de-
flator for nonfarm output rather than the fixed-weight GNP deflator, and
the official unemployment rate is used instead of Perry’s weighted unem-
ployment rate. Scanning down the left-hand side of the table, explanatory
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variables are segregated among the “inertia,” “demand,” and “supply” cate-
gories. The number of lagged terms for each explanatory variable is indi-
cated (“0” indicates the current value, “RD” indicates a rectangular
distribution, “T” indicates a tent-shaped distribution as in equation 1, and
“U” indicates that the lag coefficients are unconstrained.)

The bottom part of the table displays several summary coefficients and
diagnostic checks. First is listed the sum of the coefficients on explanatory
variables that are expressed as nominal rates of change, including lagged
price changes, wage changes, and nominal import price changes. This is
the relevant sum for tests of the long-run NRH (recall that a sum of unity
confirms the NRH, but a sum significantly below unity does not reject the
NRH, according to the asymmetry imposed by Sargent’s argument). Next
are two standard errors of estimate (S.E.E.), the first when the sample per-
iod terminates in 1984:1 and the second for a termination date of 1980:IV.
The subsequent line exhibits the F-ratio for a Chow test on a break in
1980:IV, a date of interest because of the 1981-83 disinflation that began
thereafter. Finally, the last two lines display the mean error and root-mean-
squared-error (RMSE) when the equation estimated through 1980:IV is
subjected to a dynamic simulation for the 13 quarters ending in 1984:1.

Columns 1a and 1b reproduce exactly Fair’s estimates of his two-
equation model 2 (his Table 1), except that here all changes are expressed as
annual percentage rates, replacing his inconsistent mixture of quarterly,
annual, and semi-annual rates. This explains why our coefficient on
lagged wage change in the price equation (column b) is exactly four times
the coefficient listed in his table. Column 2 shows the estimate of the
reduced-form, equation 1 above. Notable here are the low and insignifi-
cant coefficient on the unemployment rate, and the sum of coefficients on
nominal explanatory variables of 0.84, significantly below unity (the rele-
vant standard error is 0.08.).

The purpose of the remaining columns of Table 1 is to examine the ro-
bustness of Fair’s rejection of the long-run NRH. As we shall see, minor
changes in the specification of equation 1 raise the sum of coefficients on
lagged nominal variables to unity. Second, evidence is provided to support
the more detailed specifications of my inflation equations, namely the in-
clusion of additional supply variables. The first step in column 3 is to make
two specification changes. The constrained rectangular distribution on
lagged unemployment in line 8 is replaced by an unconstrained distribu-
tion, resulting in a substantial increase in the sum of coefficients, albeit not
to the 5 percent significance level. Also the nominal import price change in
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line 11 is replaced by the relative import price change in line 12, on the
grounds that dynamic simulations of equations that take as exogenous a
nominal rate of change (as do Fair’s Tables 3 and 4) mix up relative and
absolute price changes. Fair’s approach leads him to conclude in his Table
3 that a permanent change in nominal GNP growth would lead not only
to a permanent change in unemployment, but also to a continuous up-
ward or downward movement in the real price of imports, analogous to his
conclusion, previously pointed out, that such a shift in monetary policy
would cause the real wage to go to zero or infinity.

We note that the two minor changes in moving from column 2 to 3 have
another effect, and this is to raise the sum of coefficients on lagged nomi-
nal variables from 0.84 to 0.94, now insignificantly below unity. Another
minor change in column 4 raises the sum to 1.01, and this is the addition of
a single variable consisting of a rectangular distribution on the 9th
through 12th lag of the dependent variable. While the sum of coefficients
on this new variable (line 6) is not significant, it becomes significant in the
next two columns in conjunction with other variables. The purpose of the
extended specification in columns 5 and 6 is to judge the contribution of
additional variables that are entered in my inflation equations. The first of
these (line 13) is the change in the relative price of food and energy, a proxy
for the impact of supply shocks on domestic inflation. Next is the change
in the effective foreign exchange rate of the dollar (line 14), excluded from
column 5 but included in column 6. As we shall see, this special treatment
of the exchange rate is justified by the extraordinary shift in the economy’s
response to exchange rate changes before and after 1980:IV. Next in line
15 is the change in the effective minimum wage and the deviation of pro-
ductivity growth from trend. The latter variable serves as an index of how
cyclical changes in productivity growth are distributed between price and
profit changes. A coefficient of zero would indicate that profits absorb all
such cyclical productivity movements, with no price response to actual (as
opposed to trend) unit labor cost. A coefficient of minus unity would indi-
cate that price changes depend entirely on actual rather than trend unit
labor cost and that profits are completely insulated from cyclical produc-
tivity movements. (The estimated coefficient of about -0.2 is very close to
those reported in Gordon [1982], and earlier papers.)

The results in columns 5 and 6 suggest several general comments. First,
most of the extra variables are significant, and an F test on the explanatory
contribution of the extra variables passes at well beyond the 1 percent sig-
nificance level. Second, the additional variables maintain the sum of coef-
ficients on lagged inflation at between 0.99 and 1.01, consistent with the
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NRH. Third, the additional variables result in an increase in the absolute
value of the unemployment coefficient and hence a steeper short-run Phil-
lips curve. Fourth, the additional variables lead to a substantial lengthen-
ing of the lag distribution on past inflation, signified by the larger and
more significant coefficients on line 6.

The difference between column 5 and 6 is the presence of the exchange
rate in the latter. This additional variable exhibits several signs of instabil-
ity. Note that column 6 fits better through 1980:IV, but not when ex-
tended to 1984:1. The Chow test at the bottom of column 6 rejects
stability. Most notably, the post-sample dynamic simulation performance
of column 6 is abysmal, while that in column 5 is the best for any equation
in Table 1.

Overall, there is a tradeoff among three alternative variables to repre-
sent the effect on aggregate U.S. inflation of supply shocks in the 1970s—
changes in relative import prices, in the relative price of food and energy,
and in the effective exchange rate. Any two of the three seem able to ex-
plain the data adequately through 1980, but in the 1981-83 period the ex-
change rate predicts much more disinflation than actually occurred. Why
this structural shift occurred poses a challenge to specialists in interna-
tional macroeconomics.

Conclusion

There is insufficient space here to report numerous other intriguing is-
sues that have been uncovered in the course of my empirical work on Fair’s
model. For instance, my previous evidence that Perry’s weighted unem-
ployment rate yielded more reliable estimates of the natural unemploy-
ment rate than the official unemployment rate seems to have evaporated
in the 1981-83 period. Further, use of the nonfarm private deflator yields a
considerably lower estimate of the natural rate of unemployment than the
fixed-weight GNP deflator, posing a tricky problem for policymakers
who would like to know at what unemployment rate inflation is likely to
accelerate.

However, at a minimum, it is safe to conclude that there is no evidence
whatsoever in Fair’s data that conflicts with the Friedman-Phelps NRH,
and that a detailed consideration of “supply” variables and lag specifica-
tions may yield a modest payoff in our understanding of the U.S. inflation
process.
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TABLE 1
Alternative Specifications for
Quarterly Rate of Change of Wages and Prices
Sample Period: 1954:1-1984:1
Code Dependent Variable
Variable Lags for Lag
Symbol Incl. Constraint w P P p P P P
(1a) (1b) [v)] 3 ()] ()] ©
1. Constant 0 — 5.58** -1.04* 1.10 1.68%  2.21** 2.46** 2.34**
Inertia
2. w 1-4 RD 0.58**
3.p 1 — 0.29** 0.31* 0.38** 0.37** 0.14 0.13
4. p 1-4 RD 0.70**
5. p 2-8 T 0.39** 0.56** 0.49** 0.49** 0.50**
6. p 9-12 RD 0.14 0.36** 0.38**
Demand
7. UR 0 — -0.44**
8. UR 1-4 RD -0.09
9. UR 0-4 U -025 -0.39* -0.44** -0.43**
Supply
10. (1+d) 14 RD 0.25 0.56 0.47 0.83 0.72
11 p! 1-2 RD 0.12** 0.14**
12. p'-p 1-4 RD 0.14** 0.13** 0.09** 0.07
13. pEF_p 0-4 RD 0.58* 0.59*
14. % . 03 RD -0.05
15. EMW 04 RD 0.06* 0.06*
16. LPDEV 0 — -0.19** -0.18**
17. NIXON 0 — -1.12 -1.57
18. NIXOFF 0 — 1.57 2.09*
Sum Nominal RHS Coeff: 0.70 0.99 0.84 0.94 1.01 0.99 1.01
S.E.E. to 1984:Q1 2.28 1.64 1.69 1.67 1.67 1.49 1.49
S.E.E. to 1980:Q4 2.20 1.64 1.71 1.69 1.68 1.49 1.40
Chow F, break 1980:Q4 1.54 1.06 0.84 0.84 0.79 1.00 2.01*
Dynamic Simulation
Mean Error 1.72 1.02 243 1.62 097 3.76
RMSE 2.17 1.83 2.82 2.15 1.78 428

Notes to Table 1: Asterisks designate the 5 percent (*) or 1 percent (**)
significance level of coefficients or sums of coefficients. A dot over a varia-
ble indicates that the variable is defined as a percentage change at an an-
nual rate, calculated as the first difference of the log level multiplied by
400. “RD” indicates a rectangular distribution, that is, each of the coeffi-
cients for the lag lengths indicated is constrained to be the same, and the
coefficient listed in the table is the sum of these identical coefficients. “T”
indicates the sum of coefficients on a distribution constrained to follow
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the “tent-shaped” distribution of the third term in equation (1) in the text.
“U” indicates the sum of coefficients on an unconstrained lag distribution.
The dynamic simulation errors reported in the bottom two lines use coeffi-
cients estimated for the period 1954:1-1980:IV and calculated predicted
values for 1981:1-1984:1, taking all variables as exogenous but lagged
wage and price changes, which are treated as endogenous and recalcu-
lated each quarter as the simulation proceeds. All variable symbols are as
in Fair’s paper, except for the following:

PEF — p is the percentage change in the fixed-weight deflator for per-
sonal consumption expenditures minus the percentage change in the
fixed-weight deflator for personal consumption expenditures net expendi-
tures on food and energy.

x is the IMF effective exchange rate of the dollar.

EMW is the effective minimum wage.

LPDEYV is the deviation of nonfarm private productivity from trend.

NIXON and NIXOFF are dummy variables for the Nixon price con-
trol period, 197 1:11I-1972:111 and 1974:11-1975:1.

Construction of each of these variables is identical to the description in
the notes to Gordon (1982), Table 2.

References

Blanchard, Olivier, 1984, “The Lucas Critique and the Volcker Deflation,” American Eco-
nomic Review Papers and Proceedings, Vol. 74 (May), pp. 211-15.

Eckstein, Otto, 1983, “Disinflation,” in William D. Nordhaus, ed., Inflation: Prospects and
Remedies, Alternatives for the 1980s No. 10, Washington: Center for National Policy.

and Brinner, Roger, 1972, The Inflation Process in the United States, A

Study Prepared for the use of the Joint Economic Committee, 92 Cong,. 2 sess.
Englander, A. Steven, and Los, Cornelis A., 1983, “Robust Phillips Curve, Natural Rate of
Unemployment, and Productivity Growth,” Federal Reserve Bank of New York Re-
search Paper No. 8305, August.
Gordon, Robert J., 1972, “Wage-Price Controls and the Shifting Phillips Curve,” Brookings
Papers on Economic Activity, Vol. 3, No. 2, pp. 385-421.

1982, “Inflation, Flexible Exchange Rates, and the Natural Rate of Un-
employment,” in Martin N. Baily, ed., Workers, Jobs, and Inflation, Washington: The
Brookings Institution, pp. 89-158.

1984, “Inflation in the Recovery,” prepared for a meeting of academic
consultants with the Board of Governors of the Federal Reserve System, Washington,
D.C.,May 11.

Lucas, Robert E. Jr., and Sargent, Thomas J., 1978, “After Keynesian Macroeconomics,” in
After the Phillips Curve: Persistence of High Inflation and High Unemployment, Confer-
ence Series No. 19, Federal Reserve Bank of Boston, pp. 49-72.



Commentary 94

Perry, George, 1983, “What Have We Learned about Disinflation?” Brookings Papers on
Economic Activity, Vol. 14, No. 2, pp. 587-608.

Sachs, Jeffrey, 1983, “Real Wages and Unemployment in the OECD Countries,” Brookings
Papers on Economic Activity, Vol. 14, No. 1, pp. 255-89.

Sargent, Thomas J., 1971, “A Note on the ‘Accelerationist® Controversy,” Journal of
Money, Credit, and Banking, Vol. 3 (August), p. 721-25.

Schultze, Charles, 1981, “Some Macro Foundations for Micro Theory,” Brookings Papers
on Economic Activity, Vol. 12, No. 2, pp. 521-76.

1984, “Cross-County and Cross-Temporal Differences in Inflation Re-

sponsiveness,” American Economic Review Papers and Proceedings, Vol. 74 (May), pp.
160-65.

Taylor, John B., 1984, “Improvements in Macroeconomic Stability: The Role of Wages and
Prices,” in Robert J. Gordon, ed., The American Business Cycle: Continuity and Change
University of Chicago Press for NBER, forthcoming.



Rejoinder

Ray C. Fair

I find Gordon’s reduced form approach very unsatisfying for reasons
that are stated in my paper. One doesn’t know whether the variables that
Gordon adds to his equation belong in the structural price equation, in the
structural wage equation, or in both, and so the results are hard to evalu-
ate. Among other things, the structural approach allows one to examine
the implied behavior of the real wage, and this is an important check on
the individual price and wage equations. In Model 2 in my paper, the long-
run behavior of the real wage with respect to changes in both the unem-
ployment rate and the price of imports is suspect, and in Model 1 the
long-run behavior with respect to changes in the price of imports is sus-
pect. There is room for further work here. The reduced form approach
does not, however, get around this problem. The problem is simply
ignored.

There is always a danger of data-mining in macroeconometric work, i.e.,
running enough regressions to find the result that one wants when in fact
the result is spurious. A model may fit the data well and give the desired
result when it is in fact a poor approximation of the true structure. The
method that I use to compare the different models accounts for this possi-
ble problem since it accounts for the possible misspecification of the
models. Before one can have any confidence in Gordon’s results, his model
needs to be put through further tests.

Is the sum of the nominal RHS coefficients in Gordon’s equation really
one, or has Gordon in his diligence merely found a specification that gives
a value of one? The main change that seems to give a value of one is the
addition of the 9th through 12th lag of the dependent variable. This is
equivalent in Model 2 to adding the price change lagged five quarters to
the wage equation. The results discussed in my paper show that this
change is not significant. There is no evidence in my work that price
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changes lagged more than four quarters belong in the wage equation. The
new lagged price variable is also not significant in Gordon’s equation until
Gordon’s other variables are added to the equation (compare columns 4
and 5 in Gordon’s Table 1). The important question is thus whether these
other variables belong in the equation. My feeling is that until a more
structural approach is taken and until Gordon’s model is subject to misspe-
cification tests, these results are not to be trusted.

Finally, Gordon makes no mention of Model 1 except to say that inside
it “is a rate-of-change equation struggling to get out, since in both the price
and wage equations the coefficient on the lagged dependent variable is
greater than 0.9” The coefficient estimates are, however, significantly less
than one by a large margin, and the equations are really not struggling in
this way. From my tests, Model 1 seems to be the best of the three, and it
should not be put out of the running in the never-ending search for the best
model of price and wage behavior.



