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where the 6,’s average to zero because they are uncorrelated across
firms. Using the facts that y(¢) = x(¢) — p(t), E.x(t + s) = x(t) + gs
(because x follows a random walk with drift), and y(f) = ¢, we can
rewrite equation A.2 as

1 A
=1 =) - ’
A3) o) = ( V) )\J;=0Ep (t + s)ds

gA A
+ 1)+ v—— t+ =
vx(t) + v 5 vu( 2)
The aggregate price level, p(¢), is the average of prices in effect at z.
Given our assumption of staggered price setting, this means that p(z) is
the average of prices set from 1 —\ to \:

1 A
(A.4) p@) = XJ’ ot — s) ds.
s=0

Substituting equation A.4 into equation A.3 yields

(A.5) 0 = (1 - v)%f E,% Ot + 5 — ) drds
s=0 r=0

gs _ A
+ vx(t) + v > vu<t+2>

=(1 —v)%Z[J:_O(A—s)Q(t—s)ds
+J ()\—s)E,Q(t+s)ds]
5s=0

+ vx(t) + v% - vp<t + %)
According to equation A.4, prices set at t depend on prices set between
t — N and ¢, which are still in effect, and on expectations of prices set
between ¢ and ¢+ \, the period when prices set at ¢ are in effect.
Equation A.4 gives an expression for Q in terms of its own past and
expected future values. Our goal is to solve for Q as a function of the
underlying demand disturbances. To do this we use the method of
undetermined coefficients. That is, we posit a solution of form

(A.6) O() = A + Bt + f a(s:N) dZ (1—s),
s=0
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and then solve for A, B, and g(*). The term g(s;\) is the fraction of a
nominal shock at¢# — sthatis passedintonewly set pricesat z. Substituting
equation A.6 into equation A.5 and simplifying, we obtain

(A7)  A+Bt+ f " sn) dZ(—5)
s=0
— (1= A + (1-v)Bt

1 o min(s,\)
+(1—-v) € J f (N—=rg(s—r;\) dr
5s=0 r

=0
A
+ f O\ —Pgls +r:\) dr] dZ(t—s) + vgt
r=0

+ vJ' dzZ(t—s) + veh _ vp(t + é)
s=0 2 2

For equation A.7 to hold, the constant terms, the coefficients on ¢, and
the coefficients on dZ(t — s) on the two sides of the equation must be
equal. Setting them equal leads to

A
(A.8) A=(g—p >

B=g—p;
min(s,N)

q(s;\) = v + (1——17);:2 [f (N — g(s—r;N) dr

=0

N
+ (N = ng(s + r;N) dr] .
=0

The last equation in equation A.8 defines g(*;\) implicitly. We cannot
find a closed-form solution for g(*;\).%! Finding g(¢) numerically, how-
ever, is straightforward. We do this by making an initial guess of g(*;\),
substituting this guess of the function into the right-hand side of equation
A.7 (approximating the integrals numerically), thereby obtaining a new
q(*;\), and then iterating this procedure until g(s;\) converges.®?

61. Because g(s;\) equals a constant plus a weighted sum of values of g(*;\) with sum
of weights less than one, a solution to equation A.7 exists and is unique.

62. The specifics of the algorithm are as follows. Since we know that g(*;\) converges
to one as s approaches infinity, we assume that g(*;\) = 1 fors = T, T = 9 (time is measured




Laurence Ball, N. Gregory Mankiw, and David Romer 63

All that remains to describe the behavior of the economy for a given
\ is to translate the results concerning the behavior of newly set prices
into a description of the behavior of the price level. Substituting equation
A.6 and the solutions for A and B into equation A.4 leads to

(A.9) p(1) = (g— i + j W(sN) dZ(i—s),
s=0

min(s,\)
w(s;\) = J' q(s—r;\) dr.
r=0
The first line in equation A.9 is the formula for the aggregate price level
in the text (equation 10). We compute w(e) using the second line.%
Asdescribed in the text, the solution for p(7) leads directly to a solution
for the real effects of nominal shocks.

The Equilibrium A

We now describe how we solve for the equilibrium interval between
price changes, \£. Recall that A% is the solution to equation 13,

ILONE) )
aAi )\,‘ = AE

’

where L(\;,\) gives firm i’s loss as a function of its interval between price
changes and the common interval of other firms. Using the formula for
the loss function, equation 6, and assuming without loss of generality
that p; is set at time zero, we can write L(\;,\) as

in years). We then consider g(s;\) fors = 0, h, 2h, ..., T — 2h, T — h, where h = 1/52;
thus we divide time into periods of a week. We begin by setting all of these g(s;;\)’s to one.
New values are found by substituting this initial guess into the right-hand side of equation
A.7. An integral from r = 0 to r = nh is approximated by averaging the values of the
integral for » = h, 2h, ..., (n — 1)h and then multiplying by nh. (As described below, we
consider only values of \ that are integral multiples of 4.) The new g(s;;\)’s are then
substituted back into equation A.7, and another set of values is computed. We continue
this process until the mean of the absolute changes in the g(s;;\)’s from one iteration to the
next is less than 8, 8 = 0.00002. In all cases the algorithm appeared to converge to the
solution without difficulty.
63. We approximate the integral using the procedure described in note 62.
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(A.10) L(O\,\) = — + == f E[p¥(s)—pil* ds.

Differentiating equation A.10 with respect to \; and evaluating at \; = \,
we find

AL(\;,N) F
. el = —=——== E [p¥ 2
ary SRR = h Kf [p¥(s)— pi ds
X2 - Dil”-

(The Envelope Theorem allows us to eliminate the term

| I « R p; OL(\;, \)
—-K— : ds { = from =22
N2 K op; {J;_o Elpi(s) = plds o\, rom oN;

because the firm chooses p; optimally given \;, the effect of the marginal
change in p; when \; changes on the objective function is zero.)

Evaluating equation A.11 requires that we find E [p#(s) — p,]?* for
0 = s = \. Equations A.1 and A.2 imply that the deviation of p; from
Q(0), the average of prices set at the same time as p;, is 6,(0). Thus, using
the solution for Q(¢) (equations A.6 and A.8), we obtain

00

A
(A.12) pi=(g—w5 + f arN) dZ(—1) + 6, (0).
r=0

Substituting the solution for p(f), equation A.9, the process for x(7),
equation 8, and the identity y = x — p into the formula for p¥, equation
S, we obtain

(A.13) pis) =(g—w)s + f v+ A =v)w(rN]dZ(s —r) + 0,s).
r=0
Finally, equations A.12 and A.13 lead to

A1) EDpHe) - pl = (g=w) (s = 52 + so3
+ o2 {Jd v+ =v)w(r;N)]? dr
r=0

+ wa v+ —=v)w(r;\) — gr—s;N)]? dr},



Laurence Ball, N. Gregory Mankiw, and David Romer 65

where we have used the fact that changes in Z and in 6, are uncorrelated
both over time and with each other.

We can now solve numerically for the equilibrium value of \. We
begin by guessing a value of . After finding g(*;\) and w(*;\) as described
above, we evaluate equation A.14 numerically for s between 0 and A.
We then use these results to evaluate the derivative in equation A.11. If
the derivative is negative, so the representative firm can reduce its loss
by increasing its interval between price changes, we raise our guess of
\; if the derivative is positive, we reduce A. We continue until the
derivative converges to zero.*

64. We find E[pj(s) — pJ2fors = 0, h,2h, ..., N — h,\, where, as before, h = 1/52.
Since we assume g(r;\) = 1 for r = T, and thus w(r;A) = 1forr=T + A\, we truncate the
second integral in equation A.14 at r = T+ \. Otherwise the integrals in equation A.14 and
equation A.11 are approximated as described above. We stop when we find an n such that
equation A.11 is negative for A = nh and positive for A = (n + 1)h; we then set \ at
whichever value yielded the smaller absolute value of equation A.11. All of the functions
involved appeared to be well-behaved and convergence occurred without difficulty.



Comments
and Discussion

George A. Akerlof, Andrew Rose, and Janet Yellen: The Ball, Mankiw,
Romer paper makes several contributions. First, it provides an excellent
survey of the new Keynesian macroeconomics. Second, it develops
further the implications of menu cost theory and thereby devises an
ingenious test of the Keynesian model against the new classical alter-
native. The new classical economics and also real business-cycle theory
are based on the dual assumptions of rational expectations and continual
market clearing. As aresult, according to these theories, unemployment
is voluntary, and anticipated money shocks have no real effects. The
new Keynesian economics is particularly welcome because it makes
common sense and, unlike the new classical theory, it fits the most
important stylized facts of the business cycle: that cyclical unemploy-
ment is largely involuntary and that anticipated demand shocks do affect
real output.

 The purported advantage of the new classical theory over Keynesian
theory wasits greater theoretical coherence. Economists foundit difficult
to build ‘‘optimizing models’’ in which money shocks, if anticipated, are
not neutral; and they have found it equally difficult to explain theoreti-
cally how there can be equilibria in which labor markets do not clear.
But these theoretical difficulties, which revealed more about the lack of
imagination of economists than about the functioning of the real world,
have now been solved. Efficiency wage models explain why labor
markets need not clear. The menu cost—near-rationality models surveyed
by the authors show that small transactions costs (or rule of thumb
behavior that imposes second-order losses on its practitioners) result in
significant monetary nonneutrality. As a result, changes in monetary
policy, even if expected, may result in changes in equilibrium output
and employment. This development is important because it means that
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the Keynesian assumption that has been pejoratively labeled as ‘‘money
illusion” involves no gross departure from rationality.

The authors not only survey this literature; they take it one step
further. Lucas’s classic paper ‘‘Some International Evidence on Output-
Inflation Tradeoffs’’ derives one implication of the Lucas-Phelps equi-
librium model of the economy: the response of real output to an
innovation in the growth rate of nominal GNP—r—should decline with
the variance of aggregate demand shocks.' Alternatively, the Phillips
curverelating unemployment to unanticipated inflation should be steeper
for countries where the variance of aggregate demand shocks is larger.
In a dramatic example, Lucas showed that 7 for the United States, where
inflation is low, is 10 times its value for Argentina, where inflation is
high.2

Ball, Mankiw, and Romer have shown that a menu cost theory of the
frequency of price changes yields the identical prediction of a steeper
Phillips curve (a smaller value of 7) as the variance of nominal income
changes increases. In addition, however, menu cost theory predicts that
increases in the level of inflation, or the mean rate of nominal income
growth, should steepen the Phillips curve. Why? With staggered con-
tracts, the higher the rate of inflation, the greater is the cost of infrequent
price changes (since relative prices get out of line more rapidly). As a
result, with menu costs, the optimal frequency of price changes increases
as the inflation rate rises. And the greater the frequency of price changes,
the steeper the Phillips curve. The authors thus show that Lucas’s
observations are consistent with new Keynesian theory, but that new
Keynesian theory generates an additional implication as well: the slope
of the Phillips curve should become steeper (1 should fall) as inflation
rises, for a given variance in nominal demand. The theory is well worked
out and coincides with common sense. For example, indexation became
more prevalent in the United States as inflation rose; countries with
higher average inflation appear to have greater indexation of contracts.

It may be useful to mention, at least parenthetically, that equilibrium
models of the business cycle have already failed many tests. First, quits

1. Robert E. Lucas, Jr., ‘“Some International Evidence on Output-Inflation Trade-
offs,”” American Economic Review, vol. 63 (June 1973), pp. 326-34.

2. See, for example, Richard T. Froyen and Roger N. Wurd, *‘Further International
Evidence on Output-Inflation Tradeoffs,”” American Economic Review, vol. 70 (June
1980), pp. 409-21.
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rise and vacancies decline as the unemployment rate falls. On average,
people appear to value their jobs more highly in bad times than in good,
as is exactly consistent with the Keynesian view that sticky nominal
wages cause jobs to pay higher rents in cyclical downturns than in
expansions. Second, the demand shocks of World War Ii, the Vietnam
War, and Mrs. Thatcher’s successful policy of disinflation, as well as
Mr. Volcker’s similar policy, all produced changes in equilibrium output
long after the policies were announced (and seen to be credible). The
changes persisted sufficiently long after their announcement that it is
extraordinarily difficult to believe that the changes in employment and
output they caused were due to the slow propagation of unanticipated
shocks, as would be consistent with Lucas’s explanation.

The authors’ contribution is to give an additional test of the Lucas
model—a test that is in Lucas’s exact framework. It depends on being
able to differentiate the effect on the steepness of the Phillips curve that
is due to the variance in nominal GNP growth from the effect that results
from the level of inflation. Unfortunately, these two variables are highly
correlated (the correlation equals 0.92). In addition, the slopes of the
Phillips curves for different countries are difficult to estimate. As a
consequence, the authors’ test is inevitably a weak test of their theory
against Lucas’s theory, as well as against other Keynesian alternatives.

Ball, Mankiw, and Romer face three types of problems in their
empirical analysis. First, there are difficulties in the way that they
estimate the output-inflation trade-off for a given country. Second, the
way in which they model the dependency of T on inflation and the
volatility of nominal income growth across countries is also problematic.
Finally, their interpretation of the results may not be the only admissible
explanation; there may be other reasons why the output-inflation trade-
off varies across countries.

A number of problems potentially affect equation 14, the equation
used to generate estimates of the output-inflation trade-off. Most impor-
tant, 7 is treated as a constant, when in fact it probably varies over time.
Also, there is reason to believe that different Phillips curves specifica-
tions would generate different estimates of .

The authors’ regressions, at least in one respect, fail to correspond to
their theory. They assume that 7, is constant for each country i in the
regressions used to estimate the Phillips curve slope. A more accurate
representation of their theory implies a Phillips curve in which 7, varies
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over time. In each period, 7; depends on the expected inflation rate and
the variance of inflation in the country at that time. Realistically, expected
inflation and the volatility of nominal GNP growth have probably not
been constant during the sample period in most countries; indeed, this
is the original motivation for Engle’s work on ARCH (autoregressive
conditional heteroscedasticity).?

If the conditional mean and variance of nominal demand growth were
not constant over time, then the optimal interval between price changes
would also have changed in each country over time; consequently, 7;
could not be treated as a constant for a given country. Quarterly postwar
U.S. inflation is an extremely autoregressive variable (the Q-test for the
hypothesis of a flat twelfth-order correlogram is over 350). Cecchetti
provides evidence for the United States that suggests that as inflation
and the mean expected rate of inflation rose during the seventies, the
interval between price changes fell.*

Ifone assumes that expected inflationin each country was not constant
over the sample period, a more natural way of estimating o, might be to
use the standard deviation of the residual in an autoregression predicting
Ax. Grubb, Jackman, and Layard have calculated such a measure of o,
for a subsample of Ball, Mankiw, and Romer’s countries by taking the
residual variance in an AR(2) predicting Ax. Their measure of ¢, has a
correlation of only 0.27 with the authors’ estimate of o,.

The Phillips curve can be estimated in many ways. One would like
the estimates of 1; to be insensitive to precise specification. Grubb,
Jackman, and Layard have estimated an alternative measure of the slope
of the Phillips curve using a model that distinguishes between real and
nominal wage rigidity.’ The correlation of their measure of nominal wage
rigidity and Ball, Mankiw, and Romer’s measure of 7; across countries
is 0.30. This suggests that the theoretical constructs needed for the
authors’ test are both difficult to pinpoint and sensitive to a wide range

3. Robert F. Engle, ‘“Autoregressive Conditional Heteroskedasticity with Estimates
of the Variance of United Kingdom Inflations,”’ Econometrica, vol. 50 (July 1982), pp.
987-1007.

4. Stephen G. Cecchetti, ‘“The Frequency of Price Adjustment: A Study of the
Newsstand Prices of Magazines,”” Journal of Econometrics, vol. 31 (August 1986), pp.
255-74.

5. Dennis Grubb, Richard Jackman, and Richard Layard, ‘‘Wage Rigidity and Un-
employment in OECD Countries,”’ European Economic Review, vol. 21 (March-April
1983), pp. 11-39.
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of specification choices (we should note, however, that when equation
5.61is estimated using the measures of Grubb, Jackman, and Layard, the
authors’ conclusions still obtain). It also suggests that a more efficient
way to estimate T would be to estimate equation 14 pooling the data
across both countries and time, using, for example, a fixed-effects panel
data estimator; this would also alleviate problems with low degrees of
freedom. Further, the dependency of 7, on m; and o,; could be nested
directly within equation 14.

Nonlinearity plays a significant role in the authors’ second-stage
regressions between T and w (among other variables). It is therefore
worth noting that the functional form of equation 14 implies that the
short-run Phillips curve relating the inflation rate to the level of real
output is concave rather than convex, as is commonly assumed. That is,
according to equation 14 the short-run Phillips curve is assumed to
become flatter rather than steeper as Y rises.

Many macroeconomists have worried recently about unit roots in
macroeconomic time series. While it is hard to believe that Ax has a unit
root (standard Dickey-Fuller tests easily reject the hypothesis for post-
war quarterly American data), many economists (Mankiw among them)
have shown that the behavior of real output is consistent with the
existence of a unit root. Unless the lagged dependent variable has a
coefficient of unity in equation 14, the unit root in real output implies a
random walk residual term in equation 14. If this residual, which
presumably represents ‘‘unimportant’’ omitted variables, is not orthog-
onal to Ax, then estimates of T will be biased and inconsistent.

The authors’ equation 5.6 models the variation of T across countries
as a function of the average values over time of m and o, and their
squares. The authors include the squares so that 1, can depend on ; and
J,; in a nonlinear fashion; however, this choice of functional form has
several unfortunate consequences. In particular, for moderate values of
;, the relationship between 7;and 1r;is ambiguous and generates negative
fitted values for 7;, so that the quadratic functional form is not very
successful, either in generating a negative monotonic relationship be-
tween 7 and 7 or in preventing the prediction of a negative 1,. Further,
the effects of innovations in o,; are insignificant and incorrectly signed.
However, the quadratic functional form seems to be critical in establish-
ing that the level of inflation affects the output-inflation trade-off.
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The functional form that the authors use to relate = and 7 has the
disturbing property that the relationship between w and 7 potentially
changes sign, while theory suggests an unambiguous negative relation
between these two variables. When the authors estimate equation 5.6
for only the OECD countries without Iceland, it is worrisome to note
that the sign of dv/dw turns positive at a 7.2 percent inflation rate, which
is very close to the midpoint of inflation for the OECD sample (with
Iceland, the sign becomes positive at 9.2 percent inflation).

A related problem concerning the specification of equation 5.6 is that
the fitted value of 7 reported in table 8 is negative for an inflation rate
between 10 percent and 15 percent. The variable tis presumably positive,
despite the fact that in the sample, 7 is estimated to be negative for one-
quarter of the countries; the posited nonnegativity of T also suggests that
equation 5.6 should have been estimated using some sort of Tobit-like
procedure, incorporating the fact that T is measured with error (Tobit
cannot be used without modification, given the presence of negative T;
terms).

The authors argue for the inclusion of the square terms in equation
5.6 because 1is always positive and therefore the T equation should have
anonlinear form. A comparison of equations 5.6 and 5.5 and of equations
5.3 and 5.2 shows how very important including the quadratic inflation
term is in establishing the statistical relevance of inflation for 7. For the
results to be considered robust, alternative nonlinear specifications
should also yield the result that  has a significant effect on r. Perhaps a
simpler nonlinear form consistent with the nonnegativity of T would be:

l/r =a+ bw + co,.
We estimated this equation with their data and obtained the following

results (with standard errors in parentheses):

I/ = 8.95 — 6217 + 8060,
(2.5) (416) (536)

R? = 0.06; standard error = 111; number of observations = 43.

Note that the coefficient of  is statistically insignificant and also has the
wrong sign. The F-test of the hypothesis that inflation and its square do
not enter the regression when both o, and its square are included also
indicates that inflation does not determine 7 [F(2, 37) = 1.71].
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The precision with which 7 is estimated in equation 14 varies country
by country; however, all T;observations are weighted equally in equation
5.6. The resulting heteroskedasticity in equation 5.6 leads to inefficient
estimates, and also could lead one to conclude, for example, that 7 is
significant in equation 5.6, when in fact it is not.

The authors interpret their finding of a negative relation between 1
and 7 as reflecting more frequent price changes due to menu costs at
higher levels of inflation. Alternative interpretations are possible. For
example, Keynesian theory has traditionaily assumed that Phillips
curves become steeper as the economy approaches full employment
because nominal wages are sticky downward but not upward. Countries
with high values of inflation may be those with more of a taste for high
employment, and therefore may have been more frequently on the
steeper part of the short-run Phillips curve. Implicitly, the authors
assume that their countries were at the natural rate of unemployment on
average over the sample period, so that differences in 7 across countries
reflect changes in the Phillips curve slope at the same level of output.
This assumption may be particularly difficult to maintain in the shorter
periods. Movements along a given Phillips curve, rather than shifts of
Phillips curves, may explain why the authors find a correlation between
changes in inflation and changes in steepness of Phillips curves in the
period through 1972 and the post-1972 period.

The country-by-country changesin the steepness of the Phillips curves
(countries with greater increases in inflation had greater increases in the
Phillips curve slope) are perfectly consistent with the authors” hypothesis
that higher inflation induces more frequent price changes. But the period
through 1972 and the post-1972 period were quite different structurally,
and other explanations abound. Not only were there increases in inflation
between the two periods, but also in the later period there were more
supply shocks, less dependence on fixed exchange rates, arise and then
leveling off of developing country debt, a rise in developed country
unemployment, and slower productivity growth. Any of these factors
could impart a bias to the correlation between 7; and ; if it has a
differential impact on countries with different rates of inflation. For
example, the switchfrom fixed to floating exchange rates can be expected
to shift and perhaps steepen the Phillips curve. With fixed rates, wage
earners may be restrained in their bargaining by the thought that an
increase in wages will result in balance of payments deficits and contrac-
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tionary demand policies. It is extremely unlikely that the data will allow
us to discriminate between the hypothesis of menu costs and alternative
explanations for the changes in 7.

An important assumption of the authors’ test is that Ax is a process
that can be considered to be exogenous in equation 14. Clearly this
assumption is special. If Ax is correlated with the error term in equation
14—that is, if changes in nominal demand are correlated with supply
shocks—biases will be generated in the estimation of the 7’s (the slopes
of the Phillips curves). The authors have argued that there is no special
reason for such biases to occur since there is no particular reason for
any bias in the 7’s to be correlated with mean inflation.

The only way to see whether such a bias is likely, or likely to be
serious, is to propose an alternative model, to see whether significant
simultaneity bias will occur, and to test whether the model fits the data.
We shall therefore consider an alternative model in which income is
purely random, so that there is no Phillips curve by construction. Not
only does such a model generate the correlations found by the authors;
in fact, it offers a superior explanation of the data.

Suppose that real income in country i is a white noise process (so
there is no Phillips curve whatsoever):

Vi =€ € ~iid (0, p?).
Assume that inflation is also a white noise process, independent of e:

T = Ny My ~ 1id (0, 02,).
Then

Ax, =m; + Ay, =, + €, — €,_,.
If one runs the regression:
Vi = T Axy,

the plim of 7, is:

2 2
2 ) Oy — O
7= w/Qui + o%) = Tl
Oyi
Clearly, T, gives, even asymptotically, a biased estimate of the respon-
siveness of real output to an innovation in nominal GNP growth, which
is zero in this example. The value of 1, depends (positively) on the
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author’s variable o,; (the standard deviation of Ax in country i) since o2
is just 2u? + o2;, and also (negatively) on o, the standard deviation of
the inflation rate in country i. However, 7; does not depend on mr;, the
mean inflation rate in country i.

Consider, however, the slightly modified process:

T =W My M, ~ iid (0, 02,).

In this case, the estimates of 7; will be unchanged. If o?; and ; are
positively correlated, regressions of 7; on m; and o2 will likely yield a
negative coefficient on m;, because of its positive correlation with the
omitted variable 2,. Such a positive correlation between o?; and 7, is in
fact consistent with the authors’ data, for which the sample correlation
of 7r; and o?;is 0.92.

A test of the authors’ process against the null hypothesis postulated
here (in which there is no Phillips curve) can be conducted by including
both 7r; and o,; in equation 5.6. The example just presented implies that
the coefficient on o,; should be negative and the coefficient on ; should
be zero; the opposite is true if the authors’ hypothesis is relevant.

In fact, adding o.; and o2, to the authors’ key regression (equation
5.6) shows the two new variables to be very significant while the
coefficients of m; and its square are insignificant:

T = 0.441—0.3327 +0.18172 + 25.580, — 48.4802 — 27425, + 49.9302
0.09 (2.08) (3.79) (5.67) (24.62) (5.93) (22.81)

R? = 0.592; standard error = 0.175; number of observations = 43.

The F-test of the hypothesis that the coefficients of o, and o2 are both
zero is resoundingly rejected [F(2, 35) = 11.5]. On the other hand the
F-test of the hypothesis that both the 7 term and its square are zero is
quite consistent with the data [F(2, 35) = 0.05]. Note the dramatic
improvement in the fit of the equation in comparison with the authors’
equation 5.6. Parenthetically, both the authors’ results in table 11 and
Lucas’s results are similarly affected by inclusion of o, (and its square,
where relevant).

We do not wish to say that we prefer our null hypothesis to that of the
authors. We find their theory plausible and their tests consistent with
the theory. We only wish to point out that their test is weak. Our example
shows that one could believe that 7 is actually independent of 7, yet still
be able to explain the authors’ results.
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The authors have provided an extremely clear and valuable survey of
the new Keynesian microeconomic foundations. They have also devel-
oped an interesting hypothesis regarding the frequency of price changes
in new Keynesian models. The faster prices rise, the more frequently
prices are changed, and hence the smaller the real effects of nominal
demand shocks; the output-inflation trade-off should be negatively
affected by the rate of inflation.

The prediction is intuitively believable and testable with microeco-
nomic data. We are sympathetic with both the spirit and the conclusions
of this paper. However, aggregate data just do not seem to discriminate
between the hypothesis of interest and very different alternatives. This
does not indicate that the authors are incorrect; it merely shows how
ambiguous the results of aggregate regressions tests of subtle hypotheses
almost always are.

Christopher A. Sims: Laurence Ball, Gregory Mankiw, and David
Romer discuss a developing literature that aims at making price rigidity
and money illusion respectable again in macroeconomics. Anyone who
has bought from a catalog or served on a university departmental salary-
setting committee knows the world is full of price rigidity and money
illusion. It is therefore important to find a way to let macroeconomists
discuss it without embarrassment.

Nonetheless I disagree with some of the assessments in the paper as
to what has been achieved in this line of work and as to what the most
promising lines of advance are. Part of my disagreement stems from a
different view of how Keynesian economics and its market-clearing
rational expectations antithesis succeeded. The paper asserts that
Keynesian economics fell into disrepute because it could not provide a
justification based on optimizing behavior for its assumption of price
rigidity. This has the matter almost backwards. It is one of the accom-
plishments of Keynesian economics and a main reason for its original
appeal that it proceeded boldly to legitimize money illusion and nonclear-
ing markets as primitive assumptions in economic models. At the time
it was obvious not only that these things existed, but that they were
quantitatively important to the functioning of the economy. The fact that
microeconomics then had no way to discuss them was a reason for
rejecting any insistence that macroeconomics be built up from micro-
economic first principles. It was and still is a strength of Keynesian
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economics that it does not make a fetish of modeling based on optimizing
behavior.

Rational expectations macroeconomics put at center stage the reac-
tion of people to the uncertainty in their economic environment. While
Keynes wrote at length about the importance and volatility of expecta-
tions, he paid little attention to the endogeneity of price and wage
expectations. In the high-inflation, high-unemployment environment of
the 1970s, it became clear that endogeneity of expectations, always as
evident to the naked eye as money illusion, was also quantitatively
important to macroeconomics. Precisely the nominal rigidities that
Keynesianism legitimized as primitive assumptions seemed to be shifting
in response to policy as rational expectations theory suggested.

But like Keynesianism'’s strategy of freely postulating price rigidities,
rational expectations’ coherent tracing out of the implications of dynamic
optimization under uncertainty is both its central strength and its main
weakness. It is still as obvious that people do not dynamically optimize
as it was when Keynes wrote. And while rational expectations could
explain why unemployment could rise even in the presence of inflation,
it could not explain why it should have stayed so high for so long, either
recently or during the Great Depression.

Keynesianism declined because it failed to offer a true explanation
about how nominal rigidities respond to the economic environment, not
because it failed to offer an explanation based on optimizing behavior.

It may not be the time yet for a new wave in macroeconomic theory,
but if it is, I expect that it will come from rediscovering the Keynesian
willingness to confront irrationality and market failure, while restricting
the license Keynesianism seems to give to ad hockery. This will require
going beyond rational expectations, to consider the technology of
calculation and communication. Useful theory that really does this is
not yet available. However, the idea of models in which individual
behavior deviates from rationality in amounts and directions that cost
the individual little is in this spirit and is promising.

From this point of view, anew Keynesian model should be confronted
with three questions. Where is the irrationality in the model? Why there
and not somewhere else? Would this suboptimal behavior plausibly hold
still under the shifts in environment that are being considered? Unilike
the authors, I view it as no particular virtue that irrationality be confined
to a narrow aspect of behavior, with agents in the model perfect
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calculating machines in every other respect. It is a virtue, though, for a
model to make explicit how its irrationality shifts or disappears when it
becomes costly.

I don’t think the authors’ model does very well by these tests. It takes
as an unexamined assumption the idea that it is costly to change the level
of prices. My view is that this is true in low-inflation economies because
of the convenience in relying on aggregate price stability in making
contracts. But if there were such a thing as an economy with a rock-solid
inflation rate of 40 percent, plus or minus 2 percent, per year, institutions
would surely adapt, so that prices would be announced in catalogs and
wage contracts with smooth growth paths paralleling the smooth aggre-
gate price path. Nominal rigidity would set in about this price path in
much the same form as we see around the zero inflation rate in low-
inflation economies.

The data presented by the authors in fact provide no support at all for
their claim that the level of inflation affects the degree of price rigidity.
The central problem is that the leading alternatives to their theory all
agree that the variability of inflation should be related to the strength of
the relation beween nominal and real output. In the authors’ sample, the
standard deviation and the level of inflation have a correlation of 0.92.
The question is then whether they have found anything more than the
tendency—expected from neoclassical equilibrium theories—for econ-
omies with highly variable inflation to have alower regression coefficient
for output on aggregate demand.

The authors put aside any direct test of this proposition by pointing
to the identity, equation 16, in the paper. The equation shows that in any
given country, T can be found as a function of o2, o2, and a third number
o?. However, this identity does not imply any identity in the relation
between 7, o2, and o2, because there is no more reason to suppose that
o’is constantacross countries than that any of the other terms in equation
16 is constant. The authors are right in pointing out that if 7 has no
additional explanatory power once both o? and o2 are entered in the
regression, their theory can accommodate that result by postulating that
““supply shocks’’ (e in the paper’s equation 15) have the same variance
inall countries. But the proposition does not seem particularly attractive
a priori.

I have verified that in both equations 11.6 and 5.6 the addition of the
standard error of inflation as a regressor makes the coefficients on mean
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inflation statistically insignificant at any reasonable significance level.
Thus there is no statistical evidence for a relation of 7 to 1, once the
effects of o2 and o2 are both accounted for. The data are consistent with
fairly large effects of = in such a regression, because of the high
collinearity of 7 with o2, but they give more significant coefficients to
the other variables than to 7. The authors are then consistent in claiming
that there is no strong evidence against their theory in the data, but there
is also no evidence in favor of it for anyone who believes that the
variability of inflation affects the response of output to demand.

The authors argue that there is no plausible theory that suggests 7
should be a function of both ¢, and o,. There are really two classes of
modern market-clearing theories with which to compare the authors’
model. One, “‘Lucas I,”” is represented by Robert Lucas’s 1973 paper
mentioned by the authors. That model suggests that high variance in the
aggregate price level, by making it more difficult to distinguish relative
price movements, reduces the response of output to a given change in
the aggregate price level. Because in that theory the basic relationship
is between the aggregate price level and aggregate output, the coefficient
in a regression of output growth on nominal output growth would be
expected to vary with the variance of inflation.

The other class of alternative theories, represented by a 1987 paper
by Lucas and Nancy Stokey, suggests that only anticipated changes in
the price level (which influence nominal interest rates) have real effects,
and that unanticipated variation in money stock is reflected one-for-one
in unanticipated variation in prices that has no causal influence on
output.! This latter type of theory probably best represents the generic
implication of rational expectations. Rational expectations models can
deliver the ‘‘Lucas I'’ type of causal effect of nominal surprises on real
variables only by sustaining differences in information across agents in
the economy in equilibrium. This requires special assumptions difficult
to justify from the rational expectations perspective.

Correlations between prices and output could take varying forms in a
Lucas-Stokey type of model, and certainly in this type of model T could
depend on both o, and o,. Unpredictable monetary policy fluctuations
would generate price variation with no corresponding real fluctuations.

1. Robert E. Lucas, Jr., and Nancy L. Stokey, ‘“‘Money and Interest in a Cash-in-
advance Economy,’’ Econometrica, vol. 55 (May 1987), pp. 491-513.
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A simple version of such a model, then, might have real output approx-
imately a random walk and price level an independent random walk.
(The random walk behavior of prices would emerge if the monetary
authority aimed at stabilizing the inflation rate, but did so erratically.)
Since nominal aggregate demand in the Ball-Mankiw-Romer data is price
change plus output change, this simple model would imply in equation
l4thaty = 0, A = 1,and 7 = o2/o}. Regression of the authors’ estimated
7's on a constant and the ‘‘theoretical” o}/ alone produces an R? of
0.74, compared with a maximum R? in table 5 of 0.39. This highly
simplified classical theory can be rejected as an exact theory by further
tests, but it is a reasonable rough approximation. There appears to be
correlation of price variability with output variability, in other words,
that is consistent with more complicated market-clearing theories, but
there is no evidence of deviation from the simple theory in the direction
favored by the authors—dependence of 7 or o, on .

General Discussion

Several panelists questioned the menu cost explanation of price
stickiness. Martin Baily suggested that menu costs are fixed costs, much
like advertising. Therefore large firms, for example firms in concentrated
industries, have the most to gain by paying the menu cost and adjusting
their price. Yet a reading of the menu cost literature would lead one to
the opposite conclusion—that firms in a concentrated industry do not
have flexible prices because their profit function is flat for a wide range
around their optimum price. Baily also felt that a menu cost model could
not explain why prices adjust quickly to changes in costs, as they did
when oil prices rose in 1973, but not to changes in demand. He suggested
that a model was needed to explain sticky markups of price over cost
rather than sticky prices. Robert Gordon suggested that menu costs
could not easily explain the stickiness of prices in mail order catalogues
where the menu cost is clearly the cost of printing a catalog. That cost is
the same however many prices are changed. Yet, typically, only some
fraction of prices are changed in successive issues of a catalog, suggesting
that something other than menu costs is keeping prices sticky.

Robert Hall acknowledged that the evidence on the stickiness of
magazine and mail order prices is impressive, but argued that most prices
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are much more flexible. No one buys a car without haggling over the
price, and department store prices can be changed every day. Thus he
was skeptical that the U.S. economy can be characterized as a collection
of firms that set price and meet demand at that price. Gordon felt that
Arthur Okun’s distinction between auction markets and markets with a
preset price had been overlooked in the authors’ paper. He thought that
the examples Hall had in mind would lie somewhere between the
extremes identified by Okun.

There was general discussion of the distinction between two types of
models of sticky wage and price dynamics: the periodic-review model
and the continuous-review model in which the time intervals between
price or wage changes are random. John Taylor’s wage model is of the
periodic type in which, because of administrative costs, wages are
changed at fixed intervals. Taylor found that the average fixed interval
between wage setting is 12 months, asynchronized across firms. The
authors’ menu cost model is of this type, but with the length of the
periodic review determined endogenously. The Caplin and Spulber
model is an example of the continuous-review type; a firm raises its price
whenever it gets a certain distance away from the profit-maximizing
level. Robert Hall argued that the Caplin-Spulber model is more natural
than the authors’ model, and, in sharp contrast, generates neutrality of
money. The average price level increases in proportion to the increase
in money, as larger price increases by some firms are just balanced by
unchanged prices in other firms. Hall felt that the authors’ model
dismisses this neutrality result by an ad hoc assumption that firms change
prices at fixed intervals. Ball replied that a model with fixed timing was
more realistic, since wages are almost always adjusted at fixed intervals
and, according to Rotemberg’s findings, prices are most often adjusted
in January. He also noted that the Caplin and Spulber neutrality results
required rather strong assumptions, such as uncorrelated money shocks.
Gordon cited Arthur Okun’s evidence that FIFO pricing is more popular
than LIFO pricing as evidence that there are large costs to management’s
continuously overseeing price changes.

Edmund Phelps noted that the empirical evidence in the authors’
paper showing that prices are changed more frequently in high-inflation
countries is consistent with either type of model. He saw no advantage
to the more complicated, endogenous-interval menu cost models of wage
and price setting for the United States, where inflation has always been
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comparatively low. According to Phelps both models have the same
failing: they do not explain why wage and price indexing is not more
common.

Hall remarked that the authors’ model was an *‘old Keynesian’” model
as opposed to the new Keynesian model of Greenwald and Stigiitz also
inthis volume. The Ball-Mankiw-Romer model emphasizes rigid nominal
prices that make monetary disturbances the driving force of the business
cycle. The Greenwald and Stiglitz model assumes many disturbances to
the system and emphasizes how these disturbances get ampiified by the
structure of the economy. Monetary nonneutrality enters into the new
Keynesian model only through possible distributional effects. Hall
preferred this type of model because he found it unrealistic to assume
that prices are rigid.

Ball disagreed with Christopher Sims’s comment that the success of
Keynesian economics comes from acknowledging irrational behavior.
Ball argued that, as emphasized by Akerlof and Yellen, new Keynesian
models give the insight that a very little irrationality can produce
Keynesian results. The amplification of a little irrationality is due to an
externality in the pricing decision of a monopolistic competitor. It is
often the case that a firm gains little by lowering its price unilaterally in
response to weak demand, because the increased profits from greater
sales are almost completely offset by the loss from the lower price.
However, through the real balance effect, demand at a given price, and
hence the firm’s profits, would be increased substantially if all other
firms would lower their price. Baily noted that this argument that tirms
are more likely to lower their price if other firms lower theirs is contrary
to the standard model of the firm in an oligopolistic industry. The
representative firm in such an industry will make more profits from
lowering its price if other firms in the industry do not change theirs. If
the firms in the authors’ model are reinterpreted as industries, with the
externalities being between industries, firms in an industry have to be
regarded as colluding perfectly.

James Tobin felt that many of the participants in the current debate
about menu costs misrepresent Keynes and Keynesian economics. Both
Keynes and the classical economists with whom he debated acknowl-
edged that the economy would often be driven out of equilibrium by
shocks to aggregate demand. That is, neither side believed in a Walrasian
auctioneer who would continuously find wages and prices to clear all
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markets. The issue that divided Keynes and the classical economists
was whether the market mechanisms of prices, wages, and interest rates
could return the economy to a full-employment equilibrium in a reason-
able time. Keynes believed the market mechanism would be slow at
best, and only one of his reasons involved nominal wages that are sticky
downward. The more important reason is that real aggregate demand is
neutral to the level of prices and wages. The real balance effect countered
the second explanation, but the effect of falling prices on real interest
rates could easily cancel out the real balance effect. Tobin doubted that
the Depression would have ended sooner if prices and wages had fallen
even faster. Explaining rigid wages and prices is therefore not the most
important task of Keynesian macroeconomics.

There were several comments on the labor market in the authors’
model. Hall emphasized Ball and Romer’s earlier finding that real
rigidities, such as an elastic labor supply locus, are crucial for the effect
of small menu costs to be amplified. He felt that it was misleading for the
authors to criticize Barro’s assumption that labor supply is elastic, when
they required an elastic supply locus themselves. They should have
criticized Barro for assuming a competitive labor market, which makes
elastic labor supply implausible, whereas the efficiency wage model
generates elastic supply quite naturally.

Baily questioned how it was possible that the costs to firms of price
or wage rigidities could be small if they resulted in layoffs and unem-
ployment of their workers. Assuming that there is a large gap between
the wage and the value of time to an unemployed worker, there is a first-
order loss if firms do not cut their wage and price with a shift in demand.
Baily reasoned that wage rigidity is not evidence against this being a
large cost; if wages and employment are part of an implicit contract,
firms that do not adjust their prices so as to maintain employment will
have to compensate workers with a higher expected wage.
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