=
brought to you by ,i CORE

, Citation and similar papers at core.ac.uk

provided by Research Papers in Economics

Best available copy

Employment Distortions
Under Sticky Wages
and Monetary Policies

to Minimize Them

by James G. Hoehn

Introduction

A major problem that monetary authorities must
address isthat contractsare made in nominal
terms. During the contract interval,the terms
may become inappropriate and cause misalloca
tionsif one of the parties has discretion over
activity levels.

The prototype case emphasized by macroecon-
omistsisthat of the labor contract, which may
run for three years, during which the nomina
wage is stuck, despite changesin the marginal
productivity and disutility of 1abor caused by var-
iousevents. Employershave some discretion over
employment levelsand can improve profits by
adjustingemployment in response to changesin
the state of the economy. The profit-maximizing
employment level will not, generally, be the
same as the socidly optimal level because the
wage isstuck and does not perfectly reflect
changesin the disutility of labor. An optimal
monetary policy hasthe effect of tending to
make the real wage match the marginal disutility
of work in variousstates of the economy.

Thisarticleexploreshow the money supply can
be manipulated by the Federal Reserveto keep
the real wage close to the margina disutility of
work in variousstatesof the economy, and there-
by minimizesocia welfare losses associated with
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the employment distortions arisingfrom sticky
wages. The primary contribution of theanalysis
isto provideasocia welfare metric defined in
terms of the outcomes of an IS-IM Phillips Curve
model. Simulationsare run to compare the socia
loss under various monetary policies, including
the one that isoptimal in the model, aswell as
policiesthat target money, output, nominal
income, and the price level. The simulationsare
not intended to encompassall possible struc-
tures of the economy, but instead are meant to
suggest how variouspalicies might compare
under the assumptions of the model in meeting
the socia goal of labor-market efficiency.

I. Employment Distortion
Under Nominal
Wage Contracts

According to the basic neoclassical theory of
wage determination, wagestend to be set at a
level that reflectsboth productivity and disutility
of work. If the nominal wageisset in advance, it
will tend to be set a alevel equa to the
expected marginal revenue product of labor and
the marginal disutility of work. Then, the rea
wage will be expected, on average, to clear the
labor market, and employment will be at optimal
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levels (leaving aside issuesrelated to monopoly
power or other such sources of externdlities,
which are not essentially monetary problems
because there is little the monetary authorities
can do to ameliorate them).

Once the nominal wage is set, unanticipated
events can render that wage incorrect and cause
misallocation. For example, if the demand for
commodities rises beyond what was expected at
the time contractswere signed, and if monetary
policy keeps the money supply constant, the
price level will rise, lowering the real wage
under contracts. This reduction in the real wage
will tend to cause an expansion of employment
by profit-maximizingfirms. In an extreme case
of period-by-period profit-maximization,the
expansion of employment would carry to the
point at which the marginal product of labor falls
to the lower real wage. This expansion of
employment is socially inappropriate because
the additional employment produceslessvalue
of output than the disutility of work it incurs.

To take another example of how predeter-
mined wages can result in inefficiency, consider
an autonomous cyclical labor productivity
improvement. Further assume, for illustration,
that as output supply increases, the price level is
kept from falling by monetary expansion. The
profit-maximizingfirms expand employment in
order to takeadvantageaf the higher productivity,
but will not face increasing unit labor costsif the
contract callsfor employeesto supplyall thelabor
thefirm wantsat a predetermined wage. Employ-
ment will overexpand because firmsare not
required to consider the rising disutility of work.

Ideally, real wagesshould be regulated by pol-
icy so that they match the marginal disutility of
work. In the case of an autonomous cyclical |abor
productivity shock, real wagesshould riseto
keep pace with the rise in the disutility of work
associated with higher employment. A monetary
policy that tended to allow the price level tofal
when autonomousincreasesin labor productivity
occur could help real wages match the margina
disutility of work. Then, the employment level
would still risewith productivity improvements,
but not excessively so. One policy that tends to
set up a negativerelation between labor produc-
tivity shocks and the pricelevel isa nomina
income, or GNP, target. In smulationswith a
model, GNP targetsare close to optimal in that
people's time tends to be alocated between
labor and leisure in an appropriate way.
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Il. A Simulation Model

The simulation model combines the notion of
sticky wagesand the ISLM demand apparatus
with autonomous labor productivity shocks.
Elsewhere, | have shown that asimpler
(constant-velocity) version of the model can
account for stylized facts, such as the natura-rate
hypothesisand the mild procyclicity of redl
wagesand productivity (see Hoehn [1988]), so
long as forward-looking expectations guide
nominal wage contractors. The ISLM apparatus
for representing intuitions about demand is pre-
ferred here over simple velocity equations,
because the effects of monetary policy can be
offset or enhanced by changesin velocity, and
because ISLM allows assessment of the informa
tion policymakers can obtain from observations
on the nominal interest rate. The model has
three shocks: to money demand, to commodity
demand, and to the marginal labor productivity
schedule. These features provide a model con-
sistent with the stylized factsand containing util-
itarian welfare criteriafor policy.

Relative to the standard macroeconomic mod-
els involving wage stickiness, four changesare
offered to make a useful policy model.

(i) Expectationsof inflation and productivity
are forward-looking (Muthian rational).

(ii) Labor productivity issubject to autono-
mous cyclicd variations (aswell asto variations
induced by shiftsin commodity and labor
demand).

(iii) Employment isdetermined not strictly by
demand, but isalso influenced by supply.

(iv) Theinformation content of the interest
rate is used by goods demandersand the central
bank.

To incorporate these features, the following
model is offered.

Supply Sector

Following Fischer (1977), represent multiyear
nominal wage bargainingwith two-period stag-
gered, or overlapping, contracts. The model
economy iscomposed of two groups of firms,
identical in all respects, except for the date at
which currently effectivelabor contractswere
signed. Firms having signed wage contracts at the
end of last period (t-1) are referred to asgroup
one firms, while those that signed wage con-
tractsat the end of the period before last (¢ -2)
are referred to asgroup two firms. The groups
are competitivein that they take the commaodity
price asgiven,and contract with workers to pay
them their expected margina revenue product.



Economywide aggregatesare simulated by tak-
ing the average of the two groups' firms.

The main difference between the determina
tion of wagesin the model here and that of
other sticky-wage modelsis that contract wages
here adjust completely and efficiently to informa
tion availableat the time of wage bargains. In
some other models, such asthat of Taylor
(1979), wages can takelonger than a contract
interval to respond completely to events, and are
subject to random variations conceived of as
wage-setting errors. Taylor's model can be justi-
fied as more redistic. However, the model used
here is more consistent with microeconomic
theory about the determination of wages and is
consistent with the natural-rate hypothesis: the
average level of employment isinvariant with
respect to the money supply rule.

Asin most sticky-wage models, variationsin

employment are those for a representative worker.

Implicitly, employment variationsare variations
in hours worked among workerswho each have
jobsin dl states of the economy. The model fals
short of accounting for unemployment.

The determination of employment and wages
reflectsboth Keynesian and neoclassical ele-
ments. Hall (1980) and Barro (1977) have
sought to reconcile the fact of sticky wageswith
the neoclassical theory of employment determi-
nation by arguing that sticky wages need not
have any misallocational effects. Efficient con-
tracts, which could be implemented in the
absence of transactionsor enforcement costs,
would involve optimal employment determina
tion as productivity varied, so that sticky wages
would have no allocational effects. Here, it is
supposed that there are constraints on optimal
contracts that prevent workersand firmsfrom
effecting optimal contracts. However, the tradi-
tional Keynesian assumption that employment is
strictly demand-determined is softened. Instead,
the employment reflectsboth the optimal level
(the employment level associated with the inter-
section of demand and notional supply curves)
and the demand for labor at prevailing prices
and wages. Thisissimulated by an equation for
employment that makesit aweighted average of
both the optimal level and the notional demand.
The weight attached to the demand can be con-
ceived of asthe degree to which sticky wages
have misallocational effects or, alternatively, the
degree to which the problems of ideal contract
enforcement are effective constraints.

In order to derive this employment equation,
first the notional labor demand is devel oped,
then the notional Iabor supply isformulated, and
then they are put together. Finally, the employ-
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ment equation, in conjunction with the produc-
tion function and stochastic assumptions about
productivity disturbances, impliesa supply func-
tion, or PhillipsCurve: a semireduced form
equation for output supply as afunction of the
state of technology and unexpected inflation.

Notional Labor Demand
A firm's production function is

(1) Y,=UNY,0<y<1i=12,

where Y,, isthe output of afirmingroup i in
period ¢ N,, isthe labor input of afirmin group
i, and U isaglobal productivity shock. The
margina product of labor is

(2) inz
dNt’t

= Uy(N,) 07, 1= 1,2
In logarithmic form, output is

B3 y,=u+yn,, i=12,
wherethelowercaseletters 3, 4, and » arenatu-

ra logarithms of their uppercase counterparts.
The (log of the) margina product of labor is

Y.
(4) (=) = u,+ In(¥)-(1-y)n,,
dNﬂ 4 I3

i=1,2.

The notional demand for labor by firm i in
period # ¢, isgiven by the condition that the

real wage equals the marginal product of labor:

(5) (w,-p,) = u,+ In(y)-(1-y)ns,
i=1,2,

or

(5 n9 =7 _1 ; [(w,,- p,) + u+ In ()],

where w;,, isthe (log of the) wage received by
group ¢ firms workersin period ¢ and p isthe
(log of the) pricelevel.

Notional Labor Supply

The notional supply of labor to afirm iscondi-
tioned on the real wage rate:?

(6) ny= Byt Bl(w,-,—p,),

B,=0, i= 1,2



Determination of
Contract Wage

If the labor market cleared each period, fully
reflecting the taste and technology conditions
underlying notional labor supply and demand,
n %= n}, then the employment level at firm

i inperiod t would be

(7)  n¥= [Bo+ Bin (MIMy+ By Myu,

where M, = [1+8,(1-y)] 1,

with 7 }, denoting the market-clearing employ.
ment level. If wageswere not gticky, but varied
to clear the market, they would be

(8)  wy = p+ lin(y) - (1 -v)By) My+ Myu,.

The contractual wage rate is the expectation of
theratethatwould clear thelabor market. Thecon-
tractwageforgroupi isfound by takingtheexpec-
tation of (8) conditioned on informationavailable
in period #4 when the contract was signed.

) Wy = LDt [in(y)-Q1 _')’),80] M,
+ MyE,_;u,,

where E,_; isthe operator that conditions ran-
dom variableson realizationsét t-i and earlier.
Note that, in thisformulation, the nominal wage
will generally be different in each of the two
periods subject to the contract.

Findly, let «, be afirst-order autoregressive
process,

(10) U=piu,_1+e,,

0<p,;<1, €,~N(0, 0}y,

B 1 The notional labor supply schedule could be derived from the primitive
utility function:
Co* 1Y, - N3 c 20,6y >0, ¢y >,
and the budget constraint:
Y= W, /PN,
The first-order condition on N is:
¢ (W,1P,) = cpe, N30

Taking the natural logarithm and rearranging it, one obtains the labor supply
function:

L

Cq- 1

which is the same as equation (6) of the text for B4 =In [c y /¢ ,C 4] and
B, =1/{c y- 1). (Thanks to Charles Carlstrom for this argument.)

nS=hle,lc,cq]+
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Aggregate Commodity
Supply

These elementsare sufficient to specify the
supply sector of the economy, under the
assumption that labor input partly reflectsthe
demand, and partly reflectsthe optimal level:

A1) n, = ¢ni+ (1-¢)n},.

The parameter ¢ represents the degree to which
sticky wages cause misallocations,or employ-
ment distortions.

Using (3), (5", (7), (9), (10), and (11), it can
be shown that the (log of the) output of group
oneis

(12) y,,= vA+ M€, + Mpe,
+ Mlp%ut— 27 Gl(pz' E, D)
where

A= [Bo+ B,in (7)]M0

1-v M, .
M=————=(1+yB M)
1-vy
— 1- ')’Mo(l—d))
2= 1—’V
G,= Yo
1-vy

and the output of group two is
(13) 3,,= vA+ Mye,+ Mypie,
+ Miptu, o+ G, (p,- E,_, p,).

Total output for the economy istaken asthe
averageof y,, and y,,:

(14) y,= vA+ Mye,+ Mzpe, 4

2
+ Mlp%u,_ 2t Gy '21 (b, - E,. t'pt)’
i=

where
_ 2(1 - 'YM()) + ¢yM,
> 2(1 - )
G.= Yo .
O 21— )

Equation (14) providesa characterization of
the supply sector of the economy. It shows that
output depends on productivity variationsand
on unanticipated inflation, both with coefficients
that depend uniquely on the easticity of output



with respect to labor input, y, the elasticity of
notional labor supply, 8,, and the degree of
misallocation, ¢. Higher 8, valuesincreasethe
responsiveness of output to productivity varia
tions; the responsiveness of output to unantici-
pated inflation is proportional to ¢.

Demand Sector

The demand sector of the model isavariant of
the familiar IS-LM apparatus, introduced in
Hoehn (1987). The main innovationisthat
goods demanders are allowed to update their
inflation expectations in light of the current
nominal interest rate and to revise their assess
ments of the real interest rate accordingly. Much
complexity in solutions resultsfrom thisinnova
tion. The innovation is necessary if the authori-
ty's use of the informationin the interest rate is
to be studied without making the implausible
assumption that the authorities know more
(specifically, the current interest rate) than do
other people. The innovation ensures that any
influence monetary policy has over real variables
does not arise from superior information.2

The commodity demand function, or IScurve,
is

(15) yczi= bo‘ bl[Rr' (E:— 10141~ D )] + X,
b, >0,

(16) x,= pox,_;+ X,
0<p<1, AN (0,02)
where
E; 1P = Elpaa1Q,],
1, = observable state of economy ét time t
={R;S,.3

and S= dtatevector (given a specific identity in
the next section). The nominal interest rate, R,,
is measured as the natural logarithm of unity
plus the coupon rate of return. The future price

W 2 The effect of allowing goods demanders to extract information about
inflation from the nominal interest rate was analyzed extensively in Hoehn
(1987). It can reverse the usual effects of money supply or demand shocks on
the price level and output during the temporary period before shocks become
fully known to all. For example, output and prices may temporarily rise in
response to an increase in money demand. But such cases arise only in cases
of extreme policies, such as crude attempts to smooth interest rates by
expanding money greatly in response to a rise in the interest rate, or where
structural parameters or relative variances of shocks take on extreme values.
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expectation, E;_,p,. ; , isconditioned on the
observed state of the economy, 2, , an informa-
tion set that includes the current economywide
interest rate, R,, and the lagged state vector,
S,_y. E;_yp,+1 candifferfrom E,_,p,., be
cause peopl e use the current nominal interest
rate to update their inflation expectations. x, isa
stochastic demand shock.

The money-demand function is conventional :

17) mat,'ptz Ay— aR+ ayp,+ vy,

(18) v,= psv, 1% my,
0<p3< 1, 7N (0,09),

where ¢, isthelog of the quantity of money and
v, isafirst-order autoregressiverandom
disturbance.

Policy Sector

Given the model, a policy rule that isadequate
for the policy targetsand criteriato be consi-
dered, is

(19) mi= qR* pot it

ol B Xt g E Uy

Harberger Welfare Metric

The lossfunction measuresa representative indi-
vidual'sfrustrationin obtaining an optimal aloca
tion of time between labor and leisure, as pro-
ductivity and demand conditions change. The
method, due to Harberger (1971), of measuring
individual frustrations usesthe labor supply and
demand curves, assuming that they accurately
reflect preferences and thereby show how
workersand firmswould want to adjust output
and employment in response to changing pro-
ductive opportunities. Equilibrium between
notional supply and demand is then supposed to
be optimal. Equilibrium valuesof output and
employment in thislog-linear model are a strict
log-linear function of #,, asshown in equation
(7). The welfarelossistaken as proportional to
the square of the deviation of the actual from the
optimal employment level. Thiswelfare-loss
metricis proportional to the area of the familiar
Harberger welfarelosstriangles, as shown in the
figure of the next section.

In the model with two staggered contracting
firm groups, an approximate measure of the
expected Harberger welfareloss over the span of
acontractis
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SOURCE: Author's calculations.
|

(20) Expected WelfareLass = E(72,- 7Y,

* 2
+E(n2r' Ra)5

where the #, are actual employment levelsand
the »*, are the market-clearing employment
levelsof equation (7). This measureisthe sum
of the variances of employment from optimal for
each of the two periods of any contracting firm,
during which it will first be agroup-one firm,
and then a group-two firm.

lll. How Policy Can
Minimize Employment
Distortions

To understand how awell-chosen policy rule
can improvewelfare, it is useful to examine the
nature of the money-supply responsesto various
shocks that would fully prevent employment dis
tortions. Such a degree of success is not possible
in reality because of policymaker uncertainty
about shocks. In the model simulations, it is
assumed that the authorities know the structure
of the economy, the current interest rate, and the
lagged state of the economy; the authoritiesdo
not have full information about current shocks.
Thiscomplicatesanalysis, motivating a heuristic
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treatment of the simpler case in which the
authorities know the full state and can change
the money supply continuously to keep employ-
ment for both groups of firmsat the ideal level.
Readersinterested in the final-form solution and
the optimal policy rule in the full model may
find them available in Hoehn (1989).

The optimal employment level for each group,
n§ , isdetermined by the intersection of the
marginal product of labor schedule, A4PL, , and
the labor supply or marginal disutility of work
schedule, »¢, asshown in the figure. This
employment level will be chosen by firmsonly if
the real wageisequal to (w/p)} . (This state:
ment holds true for any degree of misallocation,
¢ , except zero, in which case nomina wage
stickinesscannot create employment distortion.
The case illustrated here is the simple case of
pure demand-determination of employment,
¢ = 1. Of course, the size of employment distor-
tionswill be smaller if ¢ isafraction.)

The optimal employment level and the real
wage that will induce firmsto choose the
optimal employment level vary with autono-
mous labor productivity shocks. For example, a
cyclical improvement in labor productivity raises
the optimal employment level and the asso-
ciated real wage. Thefigureillustratesthis with a
shift in the marginal product of labor schedule
from MPL, to MPL, , which raises the optimal
employment level to »?%. Thisoptimal level will
be chosen by firmsif the real wagerisesto
(w/p); .

The productivity shock case revealsthe subop-
timality of a price-stabilization policy. Because
nominal wages are fixed during the contract
interval, stable prices imply that the real wage
would remain at the initia level of (a/p)y .
Firmswould choose the employment level
n,, & which the marginal product equalsthe
unchanged real wage. The expansion of
employment from #j to »; isan excessive
response to the improvement in productivity,
because the marginal disutility of work exceeds
the marginal product of labor for employment
levelsabove #%. The Harberger welfareloss tri-
angle is BAD.

To prevent firmsfrom overexpansion, the
monetary authorities should allow the price level
tofdl by enough to raisethe rea wageto
(w/p); . Somewhat ironicaly, this policy will
involvean expansion in the money supply. If the
money stock were unchanged, the price level
would fall too much as output rose. For exam-
ple, if the velocity of money were constant and
the quantity of money were constant, then a
productivity improvement would raise the mar-
ginal product of labor and—via deflation—raise



the real wage by the same amount, to (w/p), ,
leaving the profit-maximizinglevel of employ-
ment at 7% . The labor market is then at point

F in thefigure, with welfare loss triangle EFA.
The optimal policy response to the productivity
shock isto expand the money supply enough to
moderate the deflation, so that real wagesriseto
(w/pY% , but nofurther.

The shift from point E to point F in response
to the productivity improvement will dways be
obtained under a nomina income target,
because that shift lowers the price level and
raisesthe output level by the same proportion,
leaving their product unchanged. In the simula
tionswith the I1S-LM demand apparatus, the
velocity of money fallswith favorable productiv-
ity shocks. Consequently, the nominal income
target will necessarily require increasesin money
to obtain point F. If the increase in money is
not forthcoming, as under a constant-money pol-
icy, the price level will fall more than onefor-
one with the productivity improvement, and the
profit-maximizing employment level fallsbelow
ny . The welfare loss resulting from sticky wages
under a productivity shift isgreater under a con-
stant money policy than under the nominal
income target, once velocity changesare
accounted for.

The optimal policy response to a commaodity-
demand or money-demand shock iseasier to
understand than the optimal response to a pro-
ductivity shock. In the model as specified, such
shocks do not alter either the marginal product
of labor schedule or the marginal disutility of
work. Conseguently, the optimal level of
employment is unchanged. The optimal policy
will attempt to prevent the employment level
from changing with demand and money shocks.
Employment can be insulated from distortions
arising from such shocks by a policy that stabi-
lizesthe price level. A stable price level prevents
the real wage from changing, preventing firms
from desiring a change in employment. Money
supply should be decreased with increased
commodity demand by an amount adequate to
prevent inflation. Money supply should be
increased one-for-one with increasesin the
money-demand function.

A policy of output stabilization is unambigu-
ously worse than a policy of price stabilization.
Both of these policies give an appropriate
response to commaodity-demand and money-
demand shocks, but the distortion concurrent
with a productivity shock is unambiguously
larger under the output stabilization policy.As
soon asasingleminded output-stabilizing
authority observes a productivityimprovement, it
will deflate the price level by reducing the
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money supply. The result is deflation sufficient
to drive the real wage above (w/p); , and
employment declines below #j , say to #; .

The ability of the authority to stabilize output
in this example islimited because recontracting
firms can offset the real-wage effects of excessive
deflation by lowering nominal wages. Assoon as
one of the groups recontracts, it will reduce
wages to aim at an increased employment level,
driving the authorities to further reduce
employment in the second group viayet more
deflation. The second group cannot protect itself
against the negative employment distortions by
recontracting for lower nominal wages until one
more period passesand the old contract expires.
The second group's employment must be
reduced, if output is to be stabilized, by enough
to offset not only the economywide increase in
productivity, but must also offset the increase in
employment at the recontracting firms, who will
rationally anticipate deflation and reduce wages
to alow employment to increase to the optimal
employment level. Becausethe lossfunction is
the sum of squared group employment distor-
tions, the concentration of the employment dis
tortion in the second group of firmsleadsto a
Sizeable welfare loss.

IV. A Numerica
Smulaion

In order toillustrate how various policy rules
influence employment distortions arising from
sticky wages, a simulation can be conducted
with particular numerical valuesfor structural
parameters. The valueschosen for thissimula
tion were the following:

(21) B,=1/2 y=1/2 ¢=1
a,=2 a,=2/3 b=1

of=102=2 anz:s p;=4/5i=123.

The easticity of labor supply with respect to
the cydlica variationsin the real wage wasset at
onehalf, an arbitrary but plausible value. The
elasticity of output with respect to labor input,
v ,wasset a the midpoint of its permissible
range, also arbitrary but plausible. The value
assigned to the money demand dadticity with
respect to the nominal interest rate, a, , implies,
for example, that an increase in the rate from 5
to 6 percent would, for given levels of income
and prices, lower real money demand by
approximately 1.9 percent. The money-demand
elasticity with respect to output, a, , wasset at
somewhat less than unity, as suggested by
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Policy Palicy Criterian
Parameter@ Money Output PriceLevd Nominal Income Optimal
q 0.0 +1.06 -0.05 +0.62 +0.48
! 0.0 -1.97 +3.35 +1.73 +2.06
12 0.0 -244 -1.56 -2.10 -198
K3 0.0 +0.80 +Q, +0. +0.80
» 00 : ui! 38 ;

a The money supply ruleism,= gR,+ pu; #,_ | + By X, 1+ p3 v 1+ ug B2 % 1»Where # x and v are disturbances to goods demand,
goods supply, and money demand.

b. The policy parameter u is irrelevant to the criterion. In smulations, u 4 is set to zero.

SOURCE: Author'scalculations.

Palicy Criterion
Innovation Money Output Price Levd Nominal Income Optimal
Productivity
t 0.0 -0.11 +0.01 -0.06 -0.06
t-1 0.0 -2.17 +341 +1.25 +1.33
t-2 0.0 -181 +2.05 +0.98 +1.06
Goods Demand
t 0.0 +0.25 -0.01 +0.15 +0.12
t-1 0.0 -1.60 -160 -160 -160
t-2 0.0 -128 -128 -128 -1.28
Money Demand
t 0.0 +0.31 -0.02 +0.19 +0.15
t-1 0.0 +0.80 +0.80 +0.80 +0.80
t-2 0.0 +0.64 +0.64 +0.64 +0.64

SOURCE: Author's calculations.

abstract analysisof the transactionsdemand for simulation were robust with respect to this
money. The commodity-demand elasticity with parameter.

respect to the real interest rate, b, , was set to Fvedifferent policy ruleswere simulated,
unity because, of al (equally arbitrary) values, with their response coefficientschosen so asto
unity is the most straightforwardchoice. (Econo-  target (1) money, (2) output, (3)the price leve,
metric evidence currently availabledoes not (4)nominal income, or (5) optimal employ-
providedirect knowledge of thiselagticity.) The ment. The last of these is, of course, the only
relative sizesof the disturbances give consider- optimal policy by the criterion employed, but it
able scope to demand-side influenceson output  isinstructiveto compare results of other poten-
and employment, and allow for arelatively tia targets.

unstable money-demand function. The policy rules response coefficients, q and

In the basic simulation, firmswereassumed to  the u;, aredisplayed in table 1. The final-form
choose employment to equate the marginal prod-  solution for the money supply is determined by
uct of labor with the real wages,so¢ = 1.Ina both these coefficientsand the solution for the
second simulation, ¢ wasset equal to onethird,  nominal interest rate (because of the gk, termin
in order to see whether the results of the basic the money supply rule), and isshown in table 2
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Lossdueto Palicy Criterion

shocksto: Money Output Price Leved Nomina Income Optimal
Productivity 2.86 14.99 1.80 0.38 0.19
Goods demand 6.91 3.04 1.96 247 2.35
Money demand 452 0.24 1.28 0.66 0.76
TOTAL LOSS 14.29 18.27 504 351 3.30

SOURCE: Author'scalculations.

for each of thefivealternativepolicies. In the
immediate period of impact, the monetary
authority'sresponse to a shock isequal to q, its
interest rate response coefficient, timesthe
response of the interest rate to the shock. For
example, under a policy of stabilizingoutput, the
money supply isincreased 1.06 for each one-
point change in the interest rate. A productivity
shock in period ¢ reducesthe interest rate by
-0.10(not shownintables) under thispolicyrule,
so the response of money at time t to a produc-
tivity shock in period t is1.06 times-0.10, or
about -0.11.

Only after one period has passed can the
monetary authority observe al three shocks
independently and tailor its response to each
one separately. For exampl e, the output-stabiliz-
ing policy contractsthe money supply by 2.17 at
time t for aone-unit innovation to productivity
in the previousperiod, €, _ ; . Thisresponse
reflectstwo channels: first, an indirect channel
involvingthe changein the interest rate, -0.19,
timesthe response coefficient g= 1.06, or about
-0.20.To thisisadded the direct response coef-
ficient on t - 1 productivity,u; = -1.97. Together,
these add to -2.17, the total contraction of the
money supply required to prevent period-t out-
put from responding to period ¢ - 1 productivity
innovations. A similar calculation involving direct
and indirect effectsfinds that the output-
stabilizing policy contracts the money supply at
timet by 1.81in response to a unit productivity
innovation in period t - 2.

Asidefrom the constant-money policy, the pol-
iciesconsidered are identical in their money-
supply responses to goods demand or money
demand shocks, once these shocks are observed.
In thismodel, all theactivist targetsare essentially
equivalent in terms of the implied response of
the money supply to these demand-side shocks.

The main differenceamong the active money-
supply policiesliesin the response of money to

productivity shocks. The output-stabilizing poli-
Cy's response istoo restrictive; it contracts
money at time ¢ by 2.17 after a unit productivity
innovationin period t - 1, contrastingwith an
optimal increase of 1.33. The price-stabilization
rule responds too expansively; it expandsthe
money supply by 3.41. The nominal income
target's response isto expand the money supply
by 1.25, very close to optimal. These differences
among aternativeactive policiesin their
response to productivity shocks account for the
relative rankings of their efficiency.

Expected welfarelosses under aternativepol-
icies, shown in table 3, are the sum of the mean
squared deviations of group one and group two
employment levelsfrom optimal employment
levels. Given the information constraint the
authority faces, it can reduce thisloss measureto
3.30 using the optimal policy. Mog of thisloss,
2.35, isattributable to goods-demand shocks
occurring in the current period; asmall fraction
isattributable to productivity shocks occurringin
the current period. Distortions due to shocksin
period t - 1 can be completely eliminated by
policy responses, while distortionsdueto t - 2
or earlier shocks are eliminated by wage recon-
tracting by both groups of firms.

The nominal income targeting policy isclose
to optimal; itswelfarelossis 3.51, only dightly
higher than for the optimal policy. The output-
stabilizing policy isfar worse, with atota
expected loss of 18.27, most of which isdueto
productivity shocks. The constant-money policy
is not much better than the output-stabilizing
policy; it generates substantial employment dis
tortionsin the face of goods-demand and
money-demand shocks, which the activigt poli-
cies make active effortsto prevent. Finaly, the
price-stabilization policy resultsin somewhat
greater losses than the nominal income policy,
but resultsin much smaller lossesthan the out-
put or money targeting policies.
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Policy Criterion
Innovation Money Output PriceLevd Nominal Income Optimal
Productivity
t -0.28 -0.34 -0.28 -0.32 -0.30
t-1 -164 -384 +128 -042 00
t-2 0.0 0.0 00 0.0 0.0
Goods Demand
t +0.70 +0.88 +0.70 +0.78 +0.76
t-1 +1.58 0.0 0.0 0.0 0.0
t-2 00 00 00 0.0 0.0
Money Demand
t -0.38 -0.16 -0.36 -0.26 -0.28
t-1 -0.80 0.0 00 00 0.0
t-2 00 0.0 00 0.0 0.0
SOURCE: Author'scalculations.
Lasdueto Palicy Criterion
shocksto: Money Output PriceLevd Nominal Income Optimal
Productivity 051 103 021 0.05 004
Goods demand 137 0.60 044 04 054
Money demand 0.83 0.14 0.32 0.22 0.22
TOTAL LOSS 272 178 0.98 0.80 0.79
SOURCE: Author'scalculations.
|

The deviationsof employment from optimal
for the two groups can be read from table 4. The
tableliststhe deviationsfor thesecond group; the
deviationsfor thefirgt group, (#, ,- #4,), arethe
same asfor the second group for period-t
shocks, but recontracting by thisgroup makes
the period - t employment distortion equal to
zero for t - 1 or earlier shocks. A one-unit inno-
vation in productivity at time t raisesthe optimal
employment level for both groups by 0.40 in
time t. Given that the effect of an innovation on
the margina productivity schedul e decaysat the
rate p, = .8, 0ptimal employment increases by
0.32 and by about 0.26 in response to unit pro-
ductivity innovationsin periodst - 1and t- 2.

The gross suboptimality of the output-

stabilizing policy reflectsthe employment distor-
tion in the second, nonrecontracting, group, in
response to a productivity innovation in period
t - 1. Because palicy responds by contracting the
money supply, generating deflation and an
excessiverisein the rea wagefor the nonrecon-
tracting group, employment for that group fals
by 3.52,in sharp contrast with the increase of
0.32 in optimal employment. The distortion is
then -3.84. In order to keep output fixed, the
authorities must reduce employment in the
second group, and thisreduction must be
enough to offset both the economywide produc-
tivity improvement and the rise in employment
by 0.32 in thefirg, recontracting,group.

The GNP targeting policy isvery close to
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Covariationdue Policy Criterion
to shocksto: Money Output Price Leve Nominal Income Optimal
Productivity 0.0 -151 +8.76 +3.10 +3.48
Goods demand 0.0 +0.22 -0.01 +0.12 +0.09
Money demand 0.0 -195 +0.02 -0.12 -0.11
CORRELATION _ -0.30 +0.59 +0.30 +0.34
SOURCE: Author's calculations.

|

optimal. It handles money-demand and V. Conclusion

commodity-demand variationsappropriately,and
generates a mild and nearly optimal deflationin
response to productivity improvements. The
degree of closeness to optimality depends on
variousparameters, but is not, it appears, sensi-
tive to the degree to which sticky wages cause
misallocations, ¢ , at least at the chosen values
of the other structural parameters. Table 5 shows
thewelfarelossesin the model for ¢ = 1/3.

The output targeting policy isgenerally the
worse in terms of employment distortion
(except when ¢ = 1/3, when the constant-
money policy isworse). The output targeting
policy generates the greatest |osses when pro-
ductivity shocks occur. Output targets handle
commodity- and money-demand shocks, how-
ever, in an appropriate manner.

The pricestabilizationpolicy resultsin over-
employment when a productivity improvement
occurs. The policy istoo stimulative; it does not
providefor the deflation required to raise the
real wagein linewith margina productivity at
the new optimal employment level. In the case
of commodity- and money-demand shocks,
however,a policy of price stabilization provides
essentially the same optimal response as does
the nominal and real GNP targets.

The constant-money policy accrues|ossesin
thecase of all kindsaf shocks. The loss attend-
ing productivity shocks is lessthan in the case of
the output target, but the money-targeting policy
failsto respond appropriately to commodity- or
money-demand shocks. In the simulation, the
constant-money policy results in less employ-
ment distortion than the output-stabilizing pol-
icy, unlessthe degree of misallocationissmall,
such as¢ = 1/3.

A monetary policy that seeks to aid wage con-
tractorsin avoiding employment distortions due
to gticky wageswill attempt to keep the real
wage equal to the marginal disutility of labor in
all statesof the economy. Such a policy will
require money supply expansion when cyclica
improvements in labor productivity occur. To
the extent that productivity variationsare an
important factor in the business cycle, the
optima money supply rule will involve a posi-
tive correlation between money and output. (See
table 6.) Hence, the belief, common among
economists, that sticky-wage models argue for a
countercyclical or output-stabilizing policy is not
necessarily correct, once productivity shocks are
taken account of .

In simulations, it was found that a nominal
income target might be reasonably close to the
optimal policy. Thisresult is useful because the
Federal Reserve may not be able to predict and
target optimal employment levels because of
uncertainty about the structural parametersand
shock variances needed in awelfare analysis, yet
can probably predict and target nominal income
using itsmodelsand judgmental forecasters.
After all, the main objective of macroeconomet-
ric models has been the prediction and potential
control of national income. The analysisof this
paper tendsto give additional judtification to
proposalsfor nominal income targeting, includ-
ing those by Meade (1978), Tobin (1980), Hall
(1983), Gordon (1985), and McCallum (1987).

The relative near-optimality of a nominal
income target might not be robust to al con-
celvable valuesof the labor market parameters,
y and 8,, however. For example, if the margind



product of labor curve declines steeply (v close
to zero), and/or if the notional labor supply
curveis nearly horizontal (3, very large), then a
price target will do aswell or better than a nom-
inal income target. More precisely, if
My=[1+p,(1 -y )] ! iscloseto unity,thena
nominal income target will be close to optimal,
but if M, iscloseto zero, then a price level
target will be close to optima.3 In the smula
tion,y =1/2 and B, = 1/2, so M, = .8,which is
rather close to unity. In order to adequately con-
firm the relative efficiency of a nominal income
target relative to a price target, econometric evi-
dence and a sengitivity analysisare needed to
rule out small valuesof A4, . In general, the
optimal policy response to a productivity
improvement will be one that is less stimulative
than that implied by a pricetarget and morestim-
ulative than that implied by a nominal income
target.

If the specification of the model were modi-
fied to allow for costs of changing commaodity
prices (" menu costs"), or to allow for some
degree of commaodity price stickiness, then a
pricetargeting policy might yet be better than a
nominal income target. Many other elements of
more detailed macroeconometric models have
unknown implicationsfor the welfare analysis.
Much more research along these lines is needed
for an adequate welfareanaysis of monetary pol-
icy toward the business cycle.

Glossary of Variables
and Parameters

Endogenous Variables

output

output of group 1 firms
output of group 2 firms

price level

nominal interest rate

money stock

wage rate

market-clearing wage rate
employment

employment of group 1 firms
employment of group 2 firms
optimal employment level

J 3 I I8 8 IR

*

3 Bean (1983) apparently was the first to note this.
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Exogenous Variables

€ innovation to the productivitydisturbance, «

A innovation to the commodity-demand dis
turbance, X

n»  innovation to the money-demand distur-
bance, v

Slate Vector

S=Ele w1 Byt 5N, x, 0, B 3%, 5

Ny Yoy s Byt )

Information Set,
or Observed Slate

Q=R vy, B uy 13% 1, E 2% 1504,

E, 0,1}

Parameters

All nonpolicy parameters are nonnegative.

a, = €adticity of money demand with respect to
interest rate= din (M/P )/din(1 + R)

a, = €ladticity of money demand with respect
to output

b, = eladticity of aggregate demand with respect
to red interest rate

B, = eadticity of notional labor supply with

respect to rea wage

y = €adticity of output with respect to
labor input

q= coefficientof money-supply responseto
interest rate

u;= coefficientsof money-supply responseto
lagged state variables(see equation 19 of
the text)

2 . e .
9¢ = variance of productivityinnovation

Z . . . .
Ox = variance of commaodity-demand innovation
o% = variance of money-demand innovation
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