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kRational expectations is the most important recent
development in macroeconomic analysis, and it stands now
undoubtedly as the dominant hypothesis on expectations
formation. As is'well known, it was brought forward,
together with continuous market clearing and the Lucas
supply function, as one of the three key elements in the new
equilibrium approach to business cycle analysis, developed
by Lucas (1972a, 1972b, 1973), Sargent (1973) and othersl/.
It is obvious, however, that these three ideas are logically
independent, notwithstanding the fact that they have been
freguently associated in the literature. As a matter of _
fact, the models in Phelps and Taylor (1977), Fischer (1977)
and Taylor (1980) are good examples of how it is possible to
put together rational expectations and some form of wage or

price stickness which precludes continuous market clearing.

It seems to me that continuous market clearing is the weak
point in the equilibrium approach to business cycles. It

" implies, for example, that wages and prices are
instantaneously ;eset everytime there is a change in money
supply, which means that they are continuously flexible over
time. Casual observation of wage and price behavior in the
real economy seems to give no support to his notion. Is is
not obvious, either, that continuous market clearing is a
necessary conseguence of the choice-theoretic approach to
microeconomic theory, as it is often argued by its
proponents. Arthur Okun (1980) has forcefully suggested that
wage-price stickness may itself be a result of efficient
transactional mechanisms which exaust all perceived mutually
advantageous possibilities for trading. On this matter, I
think Solow (1979) still has the last word: "if wages and
prices are sticky, that fact and its cénsequences do not go
away merely because we have not yet settled on a universally‘
satisfactory theory of why they are sticky". (p. 346).

The purpose of this paper is to discuss the role of monetary

policy in a class of models that follow the old keynesian



rradition of taking it for granted that wages and prices are
set at the beginning of each period and remain unchanged
until the start of next period, while money supply changes
continuously over time. It will be assumed that expectations
are rational but information on aggregate economy-wide
vafiables is received by economic agents, including the
monetary authorities, with a one period lagz/. It follows
that an unanticipated change in the money supply will throw
the economy out of eguilibrium in the period it occurs.
Disequilibrium may also result from velocity or supply
shocks, and once established in a given periocd it may either
tend to disappear»iﬁ the immediately consecutive period or
to persist over several periods. In the former case, we have
a discrete time analogue of continuous market clearing,

- which we will 'call here discrete market clearing. It will

occur if wages and prices jump at the beginning of each
period to the levels that can be expected to produce
eguilibrium in the period if the economy is not disturbed by
some unforeseen event: hence, all markets are expected to

3/

clear each in period~' .

The paper will show that in any rational expectations model |
Vin which there is discrete market clearing, anticipated 7
mOnetary‘policy has no effect on real output, which is the
same neutrality proposition derived by Lucas (1972), Sargent
(1973), Sargent-wWallace (1975), Barro (1976) and others, |
from continuous market clearing models.. In that kind of
model, however, the fact that anticipated money is neutral
does not imply that constant money growth is the optimal
monetary policy. We will see that, while the neutrality
proposition holds, the monetary policy rule that minimizes

the variance of the price level may be a feedback rule.

There is an interesting asymmetry in the class of models we
will be studying here: while discrete market clearing 1is

sufficient to establish the neutrality proposition,
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persistence of diseguilibria is not by itself sufficient to
invalidate it. We will show that, in order to make
anticipated money nonneutral, we need a combination of
staggered long term wage contracts and persistence'of
disequilibria. In this case, Government can make the economy
behave as if there was discrete market clearing, by using an

optimal feedback monetary policy rule.

The paper is organized as follows. Section I sets out our
basic model, which provides a simple framework for the
ensuing discussion. The model can be fixed to generate
either discrete market clearing or persistent disequilibria.
Section IXI provides its discrete markt clearing solution and
shows that antecipated money is neutral in this case.

" Section III follows by estabilishing the general point that
discrete market clearing makeé anticipated money neufral in
any rational expectations model, and then gives another
example of it in an extended market ciearing version of the
basic model with staggered wage contracts. In section IV it
is shown that monetary policy activism is desirable from the
point of view Of price stability, in spite of the
neutrality proposition. Finally, section V deals with models

which produce persistente disequilibria.

I. The Basic Model

There are for eguations in our basic model. One is a simple
quantity theory of aggregate demand:
(1) dm'C + 6t = dy,C + dpt

where Vir Py and My indicate the logarithms of real output,

price level and average money supply in period t, and the
letter "d" stands for the difference cperator: dmt:mt:mt—l’
Velocity changes are assumed representable by a random white
noise disturbance term 6t. Another eguation decomposes the

‘. .



rate of growth of money supply into a systematic fully
antecipated —erm Xt and a white noise ;ronetary policy
shock P

_ ey 4
(2) am Yy ¢

Thic means that the expected rate of crowth of money supply
in periog t as calculated at the end of perioé t-1 is

t  Tt-1
The price level is relatec to the nominal wage w,_ by a
sark-up fector that does not depend on the level of activi:

tut can be afifected by supply shocks:

e an = dw + ¢,

(3) ePy Ty T 0t

where Qt is a white noise cistuarbance term representirng
(external; supply shocks. Note that, since it is assumed

that inforination on aggregate variables is received by all
economic acents, including the. Government, with a one period
lag, the disturbance terms 1n the model must be independent

4/

ctocrastic variables—

sy Lest oecustion is a sort of Phillips Curve eguation,

shicn cecomposes wage inflation into a cyclical component
R 5/
and a trend term— .
- o o
= A ; — -
- v, = -a, {y-y + 2z, = -a,h + 7
(4) dvy 2 Yy t Gy %y

where v indicates full employment output (which is taken as
fixed here), b =,§~yt_l is the output gap measured by the
logarithmic deviation of real output from its full
employment level, a, is the Phillips Curve slope coeffient
anc zi stands for expected trend inflation. We define trend

inflztion as the rate of inflation which would occur this

et

a

n
cr

periocd if the econcmy were in eguilibrium
. - e _ . . N
thereiore 2, = Lt_?(Qp+/Et_1 = 0). Let me emphasize that

neither the Phillips Curve slope coefficient, a,, nor the

.
(.

period:

fal
Z, . can be given arbitrary
valuss: they have to be dcotermined as part of the solution
) f'} L_lO

expected trend inflation term,

f tne model, and will acpend crucialiy on the market
pehzvio: hypothesis which 13 adopted.
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Note that eguation (4) is not the traditional keynesian

- specification for the Phillips Curve, which would be:

. o e
(4") dwt = atht—l + dpt

where dpi = Et—l(dpt) is the expected rate of inflation as
calculated at the end of period t-1. This, however, cannot
be used in a discrete price-setting-cum-rational expectations
context, as shown by McCallum (1980): if we put together (3)

and (4'), we have

e
dp, = —aghy ) T dpg * o9y
and, by taking expectations on both sides of this equation,

we conclude that h is identical to zero, which cannot be

t-1 6/
true i1n discrete price-setting models—" .

7o understand the relationship between expected inflation
and expected trend inflation, let us put together (3) and.
(4) into '

: _ o
(5) dpg atht—l + %t + ¢t

and, by taking expectations on both sides of the equation,
derive '

: e _ _ ' e

(6) dpt atht—l +ozl

This. shows that a) if the economy is in equilibrium in
period t-1, expected inflation and expected trend inflation
for period t (as calculated at the end of t-1) will be same:
e _ e
dpy = 2y
of equilibrium in period t-1, inflation will be expected to

= Et—l(dpt/ht—l = 0); and b) if the economy is out

differ from trend inflation (which, as will be seen bellow,
is usually the same as exﬁected money growth), but this is
perfectly rational from the point of view of economic agents
because this difference between inflation and trend
inflation is a crucial part of the adjustment process by
which the economy moves toward eguilibrium in period t.

From (5) and (6) we have



which confirms the rationality of expectations in our model:
actual and expected prices may differ only by a random
forecast error resulting from supply shocks. Note that we
are dealing in (7) with the expectation of the price level
for period t, as calculated at the end of period t-1 with
full knowledge of the output gap for that period. If we
consider instead the expectation for the same variable as

calculated at the end of period t-2, without knowledge of

real output in period t-1, we havez/:
* e *
(8) dpt = fatht_l + 2,

e * e *
where hZ_; = Et—2th¥l) and z_ = Et_z(zt). Assuming z, =
zi é/, from (5) and (8) comes

. * e
(9) dpy = dpg * ¢ T agihe 17hey)

showing that actual and expected prices may differ in this
case as a result of either supply shocks or lagged demand

shocks.

II. Discrete Market Clearing and the Neutrality Proposition

Under discrete market clearing, at the end of each perioag
all markets are expected to clear in the following period,
regardless of whether the economy is currently in equilibrium
or not. If there is equilibrium in period t-1, the economy
is expected to remain in equilibrium in period t; if there
is diseguilibrium in period t-1, the economy is expected to
return to eguilibrium in period t. In terms of our basic
model, it means that Et_l(ht) = 0 must hold as an identity.
From this condition, we may find out the values for the
expected trend inflation term, zi, and the slope coefficient,
as of the Phillips Curve equation (4) which are consistent

with discrete market clearing.

By substituting (2) and (5) into (1), we have
, e
o= ! + x, -z, + ¢
Vg T leon T e ¢t ’



where Et=pt+ ét —¢t 1s the net (expansionary) effect of

random shocks on real output. Since dyt =
if follows that

(10) ht = (l—at)h

Ye Yoy Thethe 0

Szppose first that ht—l = 0; then E
O
equal to the antecipated rate of growth of money supply.

t—l(ht) = 0 only if

which means that expected trend inflation must be

This reduces {10) to

(11) ht = (l-at)ht_l ey

which shows that if ht—l # 0, E (ht) = 0 implies a_ = 1.

t-1 t
Hence, with discrete market clearing the Phillips Curve
eguation (4) must be written as

(12) aw_ = -h__| + %,

and the rate of inflation is given by

(13) dpt = —ht—l + Xy + @t

e _ — 3 o
If 2o T % and ag “l, (10) is reduced t?

(14) ht = €L
which is the same as
- (15) Yy T y o+ €y
showing that, under discrete market clearing, real output
will depart from its.full employment level only as a result
of‘unanticipated disturbances. The neutrality proposition
holds in this case: real output responds only to monetary
policy shocks (ut) and the systematic anticipated part of

money supply growth (x,) has no effect whatsoever on its

t
behavior.

Eguation (15) may be read as saying that real output is

a random deviation frcm its constant full employment level, and
therefore must be serially uncorrelatedg/. This is of
course inconsistent with the well-know evidence on real
output persistence, but the problem can be circumvented - as

it is done in the eguilibrium approach literature - if it is



assumed that full employment output is determined by a Lucas
supply function Such as

(16) §t = s+ s (pt—p;) + 52§t—l

were pz is the expectation of the price level for éeriod t
as calculated at the end of period t- 210/, and the lagged
value of full employment output appears on the right-hand
side of the eguation on account of capital stock inertia
(Lucas-1975), inventory inertia (Blinder-Fischer-1981) or
labor force ajustment costs (Sargent-1979) . With this
additional eguation, the model will generate'real output
persistence from its supply side, as a result of the first-
-order autocorrelation in full employment output, even
‘though discrete market clearlng forces the output gap to

be randon, as shown by (14)11/.

The neutrality
proposition obviously still holds in this caseig/. The
reader should be aware that although we will cling to the
pbasic model assumption of a constant full employment output
1evel for the remainder of thls paper, o*hlng in our
results would be changed by the introduction of the Lucas

supply mechanism of (16) .

TII. Discrete Market Clearing with Staggered Wage Contracts

Tt should be really no sﬁrprise that discrete market
clearing has produced the neutrality proposition in our
_rational expectations discrete price-setting basic model.
With discrete market clearing, all markets are expected to
clear in each period, and conseguently, on account of
rational expectations, the economy will be out of
equilibrium only in those periods in which it is hit by
random unpredictable shocks. If equilibrium is defined by a
constant full employment output level (or by a Lucas supply
functlon), this means that real output may be affected by
monetary pollcy shocks but not by anticipated monetary

3
policyl~/. Hence, anticipated money must be neutral in any



rational expectations model with discrete market clearing.

This section gives another example of this general statement
by considering a more complex discrete market clearing
version of the basic model, which results from adding to it
thevassumption of staggered wage contracts, as in Fiséher
(1977), Phelps (1978) or Taylor (1980). This will provide
additional insights on the mechanics of solving discrete
market clearing models, while at the same time laying in the
background for the discussion, in section V, of persistent

diseguilibria in models with staggered wage contracts.

Supposé labor .contracts fix the nominal wage for two periods
aheadiﬁ/. At the start of any given period, half of the

- labor force renegotiate its nominal wage for the next two
periods, while the other half muét still work under the
terms set at the bégihning of the previous’period. Let Cy
‘he the contract wage set in period t. It follows that the
average nominal wage in this same period is:

and, consequently,

(18) dwt = wt_wt~l

= .5 (dc, + dc, _,)
The contract wage is determined by a Phillips Curve eguation
analogous to (4}: '

. _ _ . e
(19) dc, = -ah, ) * 3¢

where ji =E 4 (dct/ht—l = 0) is the expected trend rate of
contract wage inflation, which is not, however, the same
thing as the expected trend rate of price inflation, zi. To
uncover the relationship between these two variables,
consider the eguation for the rate of inflation that comes
from (19), (18) and (3):

- - _ .e .e
(20) dp, = =-Saghy g = 5P 7 SO ) *F o4y
With rational expectations,

Ve = = = - . € : €

z{ Et_l(dpt/ht_l 0) .Sat_lht_2 + .50 + jt_l)
or,

e _ e _ .e
(21) 3¢ = 22¢ * A gPep T Jea



e

Thus ji = z% only if h 0 and ji_l ='zt; the trend rates

t t-2
of inflation in contract wages and prices will be the same

only in very particular circumstances.

substitution of (21) into (20) shows that

, ] _ . e
(22) dp, = 'Satht~l +toz o+ ?t
which, together with (1) and (2) leads to

= P

= -4 4 -

dyt Satht_l Y zg T oEL

or, since dyt = —ht + ht~l’ |

= -_— e — —_—
(2;) ht {1 .Sat)ht~l + 2 Xy €
Discrete market clearing reguires that hi = 0 holds as an
identity; hence ag = 2 and zi = X and (23) is reduced to
(24) ht = - gy

which is the same as (14), and shows that anticipated money
is neutral, as expected.

Note that eguation (22) for the rate of inflation can be
rewritten as ;

(25) dpt = —ht~l +ox + ¢t

'which is the same -as eqguation (13) for the rate of inflation
in the basic model under discrete market clearing. Obviously,
this same eguation for the rate of inflation wiil be derived
in any rational expectations discrete price-setting model

15/

with discrete market clearing—' .

IV. Optimal Monetary Policy

The neutrality proposition is usually assumed to provide
‘strong intellectual support for Milton Friedman's (1959)
proposal that monetary policy should follow a constant money
growth rate fule. If anticipated money can have no effect on
real output, monetary policy should be concerned only with
price stability, and the optimal policy would be the one
that minimizes the variance of ‘thw rate of inflation around

a desired target. This, so the argument goes, is what

10



results from a constant rate of growth of the money supply.
We know that this argument is correct in the case of
continuous market clearing models, but here we want to show
that, in the case of discrete market clearing models,
monetary policy activism may be desirable from the point of

view of price stability..

Suppose the monetary policy rule is given by

(26) Xt = ¥ + b h_tl

where x is the target raté of inflation; if b = 0 we have a
constant méney growth rate rule, and if b is positive we
have a feedback rule. We have seen that, in any discrete
market clearing model, the neutrality proposition holds and
the rate of inflation is given by

(27) dpt = ‘ht—l + Xy +'¢t =_6t_l_+ X + @t

, S}nce ht_l = _‘Et—l'

 From (26) and (27) it follows that

(28) dp, = X + (1-b)e, , + ¢

. and, by computihg variances in this eqguation:

(29) var(dpt)'= (l—b)2 var (et_l) + var(¢t)

]

‘which shows that the variance of the rate of inflation is
minimized when b=1. The optimal monetary policy rule is the

feedback rule L §+ht;l’
the money supply must deviate from trend in period t by

exactly the output gap in period t—lié/.

in which the rate of growth of

A simple example may enhance our ﬁnderstanding of this
result. Suppose the economy is in equilibrium until period t
when, ceteris paribus, it is hit by an expansionary velocity
,shock&t = -§. The conseguence is a negative output gap

ht = -§, from (14), while the rate of inflation remains
chstant, dpt = x, as shown by (28). Assume there are no
random shocks in period t+l. In that case, discrete market
clearing will make the economy return to equilibrium in this

same pe?lod, nence ht+l =1 and‘dyt_l = —ht+l + ht = ~§.

11



From (1), it follows that dm = -5, showing that thc

-d
t+1"Pry
return to eguilibrium must be accomplished through a
reduction in the real guantity of money. This, however, can

be done in many different ways. Consider first the case of a

i

¢:; from (28) we see

constant money growth rule, where b

that dpt+l:§ + 5, therefore dm = w. In this case the

reduction in real money resul£§+%rom a2 rise in the rate oZf
inflation while money supply grows at a constant rate.
Consider now the optimal feedback monetary policy rule, in
which b=1; from (28) we have dpt+l = %, and consequently
dmt+l = x-&8. In this case the real quantity of money fallsA
because the rate of growth of money supply is reduced while
the rate of inflation remains cénstant. Obviously the second

policy is the best one.

An interesting corollary from this discussion is that if
monetary policy is optimal, with b=1, the model will not
generate a statistical Phillips Curve, in the sense of a
negative covariance bgtween ht—l and dpt. Note that? from
(14) and (28), ’

cov(dp, ,h,_1)=E({(1-b)e

))=— (1-b)var (¢, )

g-1t0e) (T £-1
which will be zero if b=1. Hence, if we do observe a-*
statistical Phillips Curve in the real world, 'and want to
believe there is discrete market clearing in it, we must
also believe that either monetary policy is typically sub-
-optimal or that full employment output is determinaed by a
Lucas supply function, such as (16), with the observed
output gap being a measure of (§—yt), where y = so/(l—sz)

7 Yi is the perfect information equilibrium value for full

employment ocutput.
V. Persistent Diseguilibria
Let us turn now our attention to rational expectations

discrete price-setting models which are not constrainea Lv

12



the discrete market clearing assumption. In these modelsg,
unanticipated disturbances may, ceteris paribus, generate
persistent disequilibria that will last for at least two
consecutive periods. We will first consider a simple norn-
-market clearing version of our basic model, and then move

on to discuss two models with staggered wage contracts.

A. Cyclical Stickness of Wages and Prices

The simplest way to obtain a rational expectations aiscrete
price-setting model that generates persistent disequilibria
is by adding to our basic model the particular assumption on
wage and price stickness, suggested by McCallum (1978),
which makes them sluggish when reacting to disequilibrium
but fully flexible when adjusting to changes in anticipated
money. One rationale for such "cyclical" stickness of wages
and prices is that when the economy departs from equilibriwm
as a result of wrong expectations,rallocational errors
inevitably occur that are costly to correct rapidly,anc an
immediate return to eguilibrium would not be optimal from
the point of view of utility maximizing economic agents; on

‘the other hand, while the economy is in equilibrium there is

D

no such restriction on wage and price flexibility in

responsé to shifts in trend inflation.

Suppose then that in our basic model, zi = Xt'

discrete market clearing case, while the Phillips Curve

as in the

slope coefficient is smaller then its discrete market
clearing value, say<at = a 1. The rate of inflation will be
given by

= - { + 0
(3), dpt aht_l + ht ¢t
which, in conjunction with (1) and (2), leads to:

(31) h, = (l-a)h

£ £

t-1 Tt
showing that in this case, as in any discrete market
clearing model, the economy can be thrown out of eguilibrium

only by a random unpredictable shock, but also that, once

L4 -
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established, a state of diseguilibrium will persist cver
time. Hence, cyclical stickness of wages and prices is
sufficient to make our basic model generate persistent
diseguilibria but is not enough to invalidate the‘neutrality

porposition.

We also have a case here for monetary policy activism
aiming at minimizing the variance of the rate of inflation.
From (26) and (30) we have

dp, = (b-a)h +ox o+ by

t-1
which shows that the optimal monetary policy rule is

(32) X = x aht_l

in which the fate of growth of money supply deviates from
trend in period t by a fraction of the output gap in period
t-1, the fraction being given by the slope coefficient of
the Phillips Curve -
f.f

Note also that, as in the discrete market clearing case of
section IV, a statistical Phillips Curve will be generated
here only when monetary policy 1is hot optimal, that is to

say, when (b-a) is.a negative number.

B. Real Wage Stickness

Persistent disequilibria‘may also occur in models that put
together staggered wage contracts and some form of real wage
stickness, as in Fischer (1977). Real wage stickness has
been rationalized by the implicit contract theories of Baily
(1974) and Azariadis (1975), but it should be understood
that it deces not by itself imply the possibility of
persistent disequilibria. In a model with synchronous wage
and price setting, such as our basic model, the real wage
may be expected to be constant over time - as shown by

" mark-up eguation (3) - while the nominal wége and the price
level jump around to perform the market clearing job. It is

only when there are staggered wage contracts, that real wagc

14



stickness will translate itself into nominal wage and price
stickness, and thereby preclude discrete market clearing. In
this case, a change in the average nominal wage must be a
change in the nominal wage on new contracts, whilé the
nominal wage on old contracts remains fixed. As this cannot
occur without differentiated real wage changes for workers
in each contract group, any form of real wage stickness will
necessarily reduce the degree of'price flexibility in the

economy .

The real wage per period received from a given contract may
chaﬁge over its two period du;ation; therefore, it seems
reasonable to assume that real wa@e stickness means that the
average real wage paid within each contract must be expected
to remain constant over timelz/. The simplest way to model
this is to aésume that the contract wage set in period t

must be consistent with

(33) (Ctﬁpi) * (Cf‘PZ+1) = oleg )t (ct—lﬁpi)

where, as before, p;+i and pi are the expected price levels
for periods t+l and t, respectively, as calculated at the
end of period t-1. This eguation says that the new contracts
'being written at the end of period t-1 must be expected to
produce a geometric average real wage over their duration,
‘encompassing periods t and t+1, equal to the average real
wage that can be expected to result from contracts written

8/

in the previous period;;‘.

An alternative way to write (33) is

. . * . e
cpmCp_y = Aoy = 5(@py g * dpy)
since dp* = p* - pe and dpe = pe—p Hence
t+l t+l t t t Te-17 ”
_ * e * e
(34) dct + dct_l = 'S(dpt+l+dpt + dpt + dpt—l)
From (18), (3) and (22) we find that
- ) —_ - — & - e
dct +d?t—l = 2dwt 2(dpt ¢t) atht—l+zt

15



and from (22) we may also find that similarly to (6) and (8):
* *

dP¢_3 %_'5at+lhi T2
dp =-.Sa b g * 2

dpi =—.5athi_l + zz
dpy_q ==-5ay Py ¥ 201

Tt follows that (34) is eguivalent to

c e_ - e
(35) .5at+lht l.5atht_l + .5a hy 7 .5at_lht_2
_F : e * e
= 2y 3 32t tozg o+ oZi

which defines the multiperiod constraint on the slope
coefficients and expected trend inflation terms of sucessive
Phillips Curve eguations that results from real wage

sticktiness as defined by (3).

A simple case of inconsistency between discrete market
clearing and real wage stickness happens when the rate of
growth of the money supply is expedted to be constant over

time, say %, = % for all t. We have seen, in section III,

that discreze market clearing occurs, in a model with two-
,—period staggered wage contracts, wh%n a, = 2 and zi = .
From the latter condition if follows, in the present case,
tgat zz+l ='zi = zz = Zi—l = x, and hence z:+l—3zi + zZ +
2o, T 0. We also know that with d;sgrete market clearing
hi = 0 and ht = “Ely for all t. Cohsequently, (35) 1is

reduced to 3€t—l‘6t—2 = 0, which in general will not be

true.

With real wage stickness, the degree of persistence of

diseguilibria will be influenced by the monetary policy rule.

Let the monetary policy rule be X = §+bht_l, as in section
IV. Suppose the market system makes z_ = x_ = X +bhy _, for
all t, so that -- as shown by (23) —-- if the economy is in

eqﬁilibrium in period t-1 it will be expected to remain in
e

17 for

* —
equilibrium in period t. It follows that 2, 7 x+bh

all t, ana {(35) is reduced to

16



s N € — 3 5 D . —
(36) (.5at+l b)ht (.)at b)ht_l + (,5at bYh 1
+ (.Sat_l—b)ht_2 = 2 |
which holds as an identity if a, = 2b for alltigf‘ﬁence,
from (23), we derive
(37) ht = (l—b)ht_l—szt )

showing that the degree of

determined by the monetary

persistence of diseqguilibria is

policy feedback parameter b.

Obviously, an optimal monetary policy will set b=1l, making

the economy behave as if there was discrete market clearing,

that is, %, =

t implying ht = €

£

x+ht_l

2 noteworthy conseguence of real wage stickness, as defined
by (3),

 statistical Phillips Curve even if monetary policy is

is that in this case the model will not generate a

suboptimal. If a, = 2b and Xt = £+bht—1’ it follows from(22)
that .

$38) dpt = —bht_l + % + bht_l + ¢t = x + @t

and hence, from (37) and (38) , we find that, as ¢t and Y

are stochastically independent, cov (dvt,h ) = 0 for any

t-1
value of b. This means that real wage stickness, as defined
by (33), will be consistent with the empirical evidence

supporting a statistical Phillips Curve only if there is a
(16) 7

Lucas supply function, such as in the economy.

C. Relative Wage Stickness

Models that put together staggered wage contracts and
relative wage stickness have been studied by Phelps (1978)
{1979, 1980).

contracts case, it is assumed that the contract wage set in

and Taylor In the simplest, two period

period t must be such that, over periods t and t+1, all
workers can be expected toc receive the same average real
wage, irrespectively of whether they have entered a new
contract at period t or not. This means that contract c,

must be consistent with

17



* * *

(39) (Ct —pi) + (Ct_p£+1)'= (ct_l—pi) +'(Ct+1_pt+l)
which can be simplified into

(40)  cpyq7ey = €7Ce

with C;+l = Et—l(ct+l)'

From (19) we have

* * he + '1;
TCp T ACu1 T T4 T Je4d

= dc, = h

_a L s€
¢ "%-1 t -1 7t
* .
: : = e = i a3V
with j .4 = Et_l(dct+l/ht 0), .showing that (40) may be

rewritten as

41 n® + 5. . = -ah,_ , + 3°
(A1) a1 7 Jen the-1 T It
“Note also that, by using (21), we may calculate
.e
3 * = * -
S S A R

and thereby restate (41) as.

e ko L€
* = -
(42) h, + 2z 2atht—l + 23t

Tt t+1

Consider now the same equation, written with a one period lag

+ 2z* = -2a_h

(43)  -aghy t t

. e
g1 T2y
If we add (42) to (43), and note that from (21),
.e . . e e
3¢ t Jgs1 T 2zt + at—lht—2’ we get

. : e e
(44) app e *oaghy gy

_ - ¥ x _ e
faghy = 2zELy f2zE - Az

This is the constraint on slope coefficients and expected
trend inflation terms of sucessive Phillips Curve equations

that results from relative wage stickness, as defined by (39).

If we assume, as before, that the monetary policy rule is

X, = §+bht_l, and that the market system makes zi = x, for
all t, we have z* | = §+bhi and (44) can be reduced to
- o e B e _ _ _
(45) (at+l 2b)ht (at 2b)ht—l 2 (at 2b)ht_l G
which holds as an identity if a, = 2b for all t. The results

here are the same as in the case of real wage stickness: from

(23) we get

18
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stickness, but these models seem to be embarrassingly

to reconcile with the empirical evidence supporting th

ke

o o
o
H

notion of a statistical Phillips Curve.

Unexpectedly, however, we have found that the neutrality
proposition does not necessarily imply that the ooptimal
monetary policy rule is constant money growth. 1t was shown

that, in discrete price-setting models where anticipate

[oF

money ¢ neutral but private agents have no inforrctional
advantage over the monetary authority, optimal mcocnetary
policy is given by a feedback rule that links the rate of
growth of money supply in the current period with the output

gap in the previous period.

Overall the paper has developed a simple technigue of
analysis for rational expectations macroeconomic rnodels,
which dces not assume continuous market clearing, brings
back to the foreground the familiar concept of the Phillips
Curve, and can also incorporate a Lucas supply mechanism for

the determination of full employment output.
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Notes

1/ See Barro (1979) for a recent survey of the literature on

the equilibrium approach to business cycles.

Z/ This means that the monetary policy lag has the same
length as the (minimum) wage énd price-setting interval,
with both egual to the period of analysis. Latter in the
paper, the wage setting interval will be made larger than
the monetary policy lag when we come to discuss overlapping

long-term wage contracts.

3/ If there is continuous market clearing, wages and prices
are continuously flexible over time and the economy will Dbe
permanently in equilibrium. With discrete market clearing,
however , since wages and prices are fixed within each
period, the best the market system can do is to try to make
- the economy return immediately to eguilibrium whenever it

is thrown out of it by some unpredictable disturbance.

4/ Hence, we cannot follow Taylor (1980) is assuming that

"the monetary policy rule is dmt = gdpt, where g is a
positive constant smaller than one. This amounts to
dmt = gdwt + g¢t, which implies, from (2) - and assuming

that dwt is a fully anticipated variable - that My T g@t.
In this case, the stochastic disturbances are not
independent, énd governement could try.to compensate supply
shocks by means of monetary policy shocks. Such possibility
is ruled out in our models because if we give an
informational advantage to the monetary authority the case

for policy activism becomes a trivial one.

5/ See Dornbusch (1980) for a similar formulation of the

Phillips Curve eguation.

6/ We are assuming that economic agents have perfect
b, G g P

knowledage of the true model of,the economy, so that the
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Phillips Curve slope coefficient ap is fully anticipated at
the end of period t-1. Therefore Et—l(atht—l) = atht—l' and

since ag is always different from zero - as will be shown

later - it follows that h is identical to zero:

t-1
Note that we cannot avoid this problem by writting ht
instead of ht—l in (4'), because in a discrete price-setting
econcmy the value of ht cannot be known at the beginning of

period t when dw_ = w is determined. For the same

t £ V-1
reason, we cannot follow Fischer (1977) by writing the
mark-up equation as dpt = dw+fdyt+¢t, as dyt = YLTY
cannot be known at the beginning of period t, when dp is
determined. Fischer's model does not belong to the class of
models we are studying here, since it has discrete wage
setting but continuously flexible prices.

Phelps (1978) wrote dwt = —athi + dpi, where hi = Eﬁ—l(ht)'
This, in conjunction with (3), implies that hi is identical
to zero, which - as will be seen later - amounts to discrete
market clearing. Hence, this form of the Phillips Curve
equation is a valid alternative to (4) in the case of
discrete market clearing, but cannot be -used when we want to
make the model generate persistent.disequilibria.

7/ Through out this paper the notation will be pi for the .
expectation of p, as calculated at the end of period t-1,
and pé for the expectation of the same variable at the end

of period t-2. It follows that dpi = pi—pt_l and
* = *—e
dpf = Py7Pyoq-

8/ It will be seen in section V that this may not be true,
if the monetary policy rule determines x, as & function of
“

some period t-1 variable, such h Neverthless, with

t-1° A
rational expectations, the difference (z%-zi) will always be
a rondom white-noise texrm.

g/ If § follows a fixed time trend, instead of remaining
constant over time as in our basic model, (15) implies that
the log of detrended real output is serially uncorrelated,

which is also inconsistente with the empirical evidence.
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10/ If we had used here the cxpectation of the price level
for period t as calculated at the end of period t-1, only
supply shocks would affect full employment output, as shown
by (7).  rationale for the use of end of period t-2
expectations in the Lucas supply function when thére is
discrete price-setting is this: for technological reasons,
producers in each local market must decide their supply for
period t at the beginning of period t-1, without knowledge
of real output for this period; conseguently they can only
use (8) in forming their expectations for the price level in

period t.

11/ Note that this is not inconsistent with the empirical
evidence on serial correlafion in the logarithm of detrended
output, because in the present case this variable is not a
measure oI the‘output gap (§t—yt); it is a measure of the
variable (y—yt), where y = so/(l~sz)kindicates the perfect
information equilibrium value of full employment output,
which we may éssume to follow a fixed tfend over time.

12/ go check this, note that p,-p} = (pt;pt_l)-— (p%-pi_l)
+ (PryProp) (P y7Pep) T dp, —@pf-(dp _y=dp,_,), so from
(7) and i9), we. have pt—p; =¢t+at(hi_l~ht_l) +¢t_l. We

know that with discrete market clearing, h%_l = 0 and, from
(14), ht*l = TRy - Therefore, pt—p§ = ¢t+at€t—l+¢t—l'
whowing that full employment output can be affected only

by unanticipated disturbances, including monetary policy .

shocks.

13/ 1f E,_,

conditional on all information available at the end of

(ht) = 0, where Et_l(.) is the expectation

period t-1, including the true model of the economy and the
autoregressive structute of all variables, it follows that
Be T b
equation implies the neutrality proposition.

where Qt is a white noise error term. This last
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14/ The model discussed here is similar to that used by .
Phelps and Taylor. Fischer assumes that the nominal wage is
indexed to future price levels as expected at the time
contracts are written. Therefore, the nominal wage will not,

in general, be constant within the contract span:
15/ Note that from (1), (2) and (24) we devrive (25).

16/ Constant money growth would be optimal, however, it the
monetary authority only had acess to information on
aggregate economy-wide variable with a two period lag, in

which case (26) would not be a feasible policy rule. It is

easy to see that if monetary policy sets x _ = §+bht_2, we
have dpt = §+€t_l—bet_2+¢, instead of (28), and the wvariance
of the rate of inflation is minimized with b = 0. Hence,

if there is discrete market .clearing and private'agents have
an informational advantage over the monetary authority, a
.constant money growth rule is inceed desiréble from the

- point of view of price stability. Lucas (1980, p. 207)

seems to agree that is the only possible basis for a full
indictment of pdlicy activism: "Friedman's case", he writes,
"was built largely on the presumption of ignorance of the
nature of business cycles. Many of us-confused the
methodological advances in economic dynamics that took place
in the 1950s and 1960s with the substantive narrowing of
this ignorance and conseguently with the increasing
feasibility of sophisticated reactive countercyclical policy.
We have learned, I believe, that the list of economic
propositions sufficiently well grounded in theory and
evidence to be useful in formulating aggregative policy 1is

no longer now than it was in 1948".

17/ In my paper John Williamson (1981), this wage setting
rule has been called "consistent indexation". It was the
basic idea behind the mandatory wage indexation schemes

applied in Brazil from 1965 to 1979.
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18/ It should be noted that (33) assumes that new contracts
do not attempt to eliminate changes in the average real wage
paid by old contracts which have not been forecasted when
these contracts were written. Otherwise, we should have

written
(c,-po) + (c _-pt_,) =-(c -p5._ )+ (c -p¥)
t Pe t Pe-1 t-1"Pr-1 t-1"P¢

but this would make the analysis substantially more complex,

though with basically the same results.

ig/ Note that (36) is a non-linear stochastic second order

difference eguation on a I1f we assume that, after an

£
initial random shock, the economy returns to eguilibrium
along a perfect foresight diseguilibrium path, we have

e

hy = hy = (l—.Sat)ht_l, which reduces (36) to
(.5at+l—b)(l—.Sat)(l—.Sat_l)—Z(.Sat—b)(l—.Sgt_l)
.+‘(.5at_l—b) =0 '

I suspect (though I cannot prove it) that a, = 2b is the
only solution for this egquation that makes ht = (l—.Sat)

(l—.Sat_l) ...(l—.Sal)hO tend to zero as t increases.

,gg/ Taylor (1980) has shown that this embarrassing result
cannot be avoid by the addition of an ad-hoc excess demand
term to (39) -- which has actually been done by both Phelps
and Taylor -- but only by the addition of a random

disturbance term to this eguation. He writes (39) as
(ct—pi)+(ct—p€+l) - (Ct-l—pi)+(cé+l—pz+l)—f(hi+l+hi)+wt
where f is a positive constant (written as Yy/N by him) and
Ve (which corresponds to his et) is a white noise
disturbance term, and proves that a statistical Phillips
Curve will not appear if var (wt)=0, whatever the value of f.
In other words, a statistical Phillips Curve will be

generated only if there are unpredictable "relative wage”

shocks in the economy.
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