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ABSTRACT

Staggered price and staggered wage contracts are commonly viewed as similar mechanisms in generating
persistent real effects of monetary shocks. In this paper, we distinguish the two mechanismsin a general
equilibrium framework. We show that, although the dynamic price setting and the dynamic wage setting
equations are alike, a key parameter governing persistence is linked to the underlying preferences and
technologies in different ways. Under the staggered wage mechanism, an intertemporal smoothing in-
centive in labor supply creates areal rigidity that is absent under the staggered price mechanism. Conse-
quently, the two have different implications on persistence. While the staggered price mechanism by it-
self isincapable of, the staggered wage mechanism has a great potential in generating persistence.
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I. INTRODUCTION

How monetary policy shocks affect the business cycle duration has been a challenging
issue concerning economists and policy makers. Recent empirical studies such as Christiano,
Eichenbaum, and Evans (1999) reveal that monetary shocks can have long-lasting effects on
real activities. Yet, it has been a difficult task to identify monetary transmission mechanisms
that can generate such effects.!

In a seminal paper, Taylor (1980) proposes a staggered wage mechanism to help solve this
persistence issue. In his model, nominal wages are set in a staggered fashion. That is, not
all wage decisions are made at the same time, and each wage, after being set, is fixed for a
short period of time such as a year. As summarized in Taylor (1999), there is much empirical
evidence that price contracts and wage contracts are staggered. Taylor (1980) shows that this
staggered wage mechanism can lead to endogenous wage inertia and thereby persistence in

employment movements following a temporary shock. He states the intuition as follows:

Because of the staggering, some firms will have established their wage rates
prior to the current negotiations, but others will establish their wage rates in future
periods. Hence, when considering relative wages, firms and unions must look both
forward and backward in time to see what other workers will be paid during their
own contract period. In effect, each contract is written relative to other contracts,
and this causes shocks to be passed on from one contract to another ... contract
formation in this model generates an inertia of wages which parallels the persistence

of unemployment.

More recently, Chari, Kehoe, and McGrattan (CKM) (1998) carry this intuition to a general
equilibrium environment. But, perhaps surprisingly, they find that a staggered price mecha-
nism by itself cannot generate persistent real effects following monetary shocks, an apparent
puzzle in light of Taylor’s insights. There are two interpretations of this puzzle. On one hand,
CKM (1998) suggest that it is difficult to explain persistence based on staggered nominal con-
tracts in a general equilibrium framework, and “we should look elsewhere for mechanisms to
generate persistence.” On the other hand, Taylor (1999) conjectures that, “the findings of
Chari, Kehoe, and McGrattan (1998) may indicate that the monopolistic competition (sta-

tionary market power) model may not be sufficient as a microeconomic foundation.” Behind
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the two arguments seems to be a common perception that a staggered price mechanism and a
staggered wage mechanism are embodied with the same implications on persistence: validating
one is to validate the other, and refuting one is to refute the other as well.?

The purpose of this paper is to suggest a third interpretation of the persistence puzzle. We
find that a general equilibrium model along the line of CKM (1998), incorporating staggered
wage contracts rather than staggered price contracts, has a great potential in generating per-
sistence. Taylor’s (1980) intuition thus stands up to a general equilibrium formalization, even
when the underlying wage setting rule is derived from the standard monopolistic competition
framework. The microeconomic underpinning of our finding is that, in a general equilibrium
environment the key parameter in the dynamic price setting and the dynamic wage setting
equations that governs persistence is a function of the underlying preferences and technologies
of the economy. Although the two equations are apparently identical, this functional form and
thereby the value of the parameter differ across the two mechanisms. In consequence, the two
mechanisms have different implications on persistence.

To facilitate the comparison of the two mechanisms, we construct two stylized models in a
symmetric way. The first model features perfectly competitive goods markets, monopolistically
competitive labor markets, and households endowed with differentiated labor skills setting
nominal wages in a staggered fashion. The second model, on the other hand, features perfectly
competitive labor markets, monopolistically competitive goods markets, and firms producing
differentiated goods setting prices in a staggered fashion. In the spirit of Taylor (1980), wage
(price) contracts are assumed to be staggered. Different from Taylor (1980) but in the spirit
of CKM (1998), the wage (price) setting rules are derived from households’ (firms’) optimizing
decisions, and thus depend on underlying preferences and technologies of the economy. We show
that the critical parameter governing persistence is the elasticity of relative wage (price) with
respect to aggregate demand in the wage (price) equation. A greater value of this parameter
corresponds to less persistence, because it implies a larger response of wage (price) decisions
to aggregate demand shocks, and thus a faster adjustment of wage (price) index and a quicker
return of aggregate output to steady state. Under the staggered wage mechanism, the value of
this parameter is necessarily less than one, and decreases substantially with both the elasticity
of substitution among differentiated labor skills in the production technology and the degree

of relative risk aversion in labor hours in households’ preferences. In contrast, the value



of this parameter under the staggered price mechanism is necessarily greater than one, and
increases with the degree of relative risk aversion in labor hours. Consequently, a staggered
wage mechanism tends to generate persistence but a staggered price mechanism does not.
The driving forces of the above results can be best understood by comparing the optimal
responses of households and firms to a monetary shock in the two models. In the staggered
wage model, imperfectly competitive households choose nominal wages to balance the expected
marginal utility of leisure and of wage income during their contract periods, taking into account
the effects of the wage decisions on the demand for their labor services and thus their wage
incomes as well. When an expansionary monetary shock occurs, wage index does not increase
proportionally due to staggering in wage setting. Price level does not fully rise either since
firms’ profit maximization requires that price equal marginal cost determined by wage index.
Therefore, real aggregate demand increases, raising both households’ income and firms’ demand
for labor services. The higher income reduces the households’ marginal utility of income and
the higher labor demand raises their marginal utility of leisure. Utility maximization requires
that those households who can renew contracts raise wages to rebalance their marginal utility
of income and of leisure. It turns out that the optimal percentage increase in relative wages is
necessarily less than the percentage increase in aggregate demand, provided that the households
prefer smoothed labor hours and it is easy to substitute one type of labor services for another
in the production technology. This is so because, in our model economy, a higher relative wage
reduces both the demand for the corresponding type of labor services (substitution effect)
and the associated wage income (income effect). The two effects both serve to restore the
balance between the marginal utility of income and of leisure. Thus the optimal increase in
relative wages is small. In consequence, wage index rises slowly, and movements in aggregate
output and employment, after their initial responses to the shock, are also slow and persistent.
The higher the elasticity of substitution among differentiated labor skills in the production
technology and the larger the relative risk aversion in labor hours in households’ preferences,
the smaller the optimal percentage change in wages and thus the more the persistence of output
movements. If we measure the magnitude of persistence by the ratio of output response at the
end of the initial contract duration to that in the impact period (i.e., a “contract multiplier”),
this ratio is about 30% under our calibrated parameter values, and can be as high as 40% for

empirically plausible parameter values.



The microstructure underlying the staggered price mechanism is different. Here, imper-
fectly competitive firms choose prices to maximize expected profits during their contract
periods, taking into account the effects of the price decisions on the demand for their goods
and thus their revenues as well. We show that the optimal price is a linear function of a firm’s
expected marginal costs during its contract periods. Thus a higher price will be set if the
firm is expecting higher marginal costs. An expansionary monetary shock raises real aggregate
demand because price level does not rise proportionally due to staggering in price setting. The
higher aggregate demand for goods raises demand for labor services. On the other hand, the
household who has now a higher real income is willing to work less at each given real wage. The
outward shift of labor demand curve and the inward shift of labor supply curve both serve to
drive up real wage and thus marginal cost as well. It turns out that the equilibrium percentage
increase in real wage exceeds the percentage increase in aggregate demand, provided that the
household prefers smoothed labor hours. Therefore, marginal cost rises more than aggregate
demand. Profit maximization requires that firms fully raise prices whenever they have the
chance to renew contracts. In consequence, movements in aggregate output and employment,
after their initial responses to the shock, are fast and transitory. The larger the household’s
relative risk aversion in labor hours, the faster the change in marginal costs and price level,
and the less the persistence of output movements. In contrast to the staggered wage model,
the contract multiplier is here negative for reasonable parameter values.

In the literature, recent work focuses on the role of the staggered price mechanism in
generating persistence in a general equilibrium environment. A leading example mentioned
above is CKM (1998) who find that the staggered price mechanism by itself is not able to
generate sufficient magnitude of persistence under empirically plausible parameter values, even
when various features, such as convex demand curve, specific factor of production, or zero-
income-effect utility function, are taken into account. This apparently puzzling finding in
light of Taylor’s (1980) insights has inspired a rapidly growing literature featured by adding
other ingredients to a model with staggered price contracts. Examples include Bergin and
Feenstra (1998), who show that a staggered price mechanism, when combined with a non-
CES production function and factor specificity, can generate more persistence only if the share
of the fixed factor is sufficiently large; Kiley (1997), who finds that there is no persistence

unless the degree of increasing returns to scale at the individual firm level is implausibly large;



and Gust (1997), who demonstrates that constraining factor mobility across sectors may help
increase persistence under staggered price contracts. Following the seminal work of Blanchard
and Kiyotaki (1987) and Blanchard (1986), some attempts have been made to model staggered
wage contracts in a dynamic general equilibrium setting. For example, Erceg (1997) analyzes
a model with both staggered price and staggered wage contracts and studies the role of this
double staggering mechanism in propagating monetary shocks, while Huang and Liu (1999)
show that adding a staggered price mechanism on top of a staggered wage mechanism may
not help magnify persistence. In summary, there has been a renewed interest in identifying
monetary propagation mechanisms within the framework of staggered nominal contracts. Yet,
little has been done to explore the microstructures that may distinguish the staggered wage
mechanism from the staggered price mechanism. Therefore, it has not been made clear what
economic forces are driving the persistence or lack thereof. The present paper attempts to
fill this gap in the literature. Our results presented here not only clarify the fundamental
distinctions between the two mechanisms, but also illuminates such economic forces.

The rest of the paper is organized as follows. Section II illustrates Taylor’s (1980) original
intuition and briefly discribes the CKM (1998) persistence puzzle. Section III and IV present
two general equilibrium models with staggered wage and staggered price contracts, respectively,
and use analytical solutions to delineate the distinctions between the two mechanisms in their
capabilities of generating persistence. Section V further discusses the difference between the
two mechanisms by incorporating such intertemporal links as capital accumulation into the
models. Section VI concludes the paper. The models with intertemporal links are described

in the Appendix.

II. TAYLOR’S INSIGHTS AND THE CKM PERSISTENCE PUZZLE

In this section, we use a simplified version of Taylor’s (1980) model to illustrate his original

intuition. We then describe the CKM (1998) persistence puzzle to motivate our present work.
A. A Simple Model in the Spirit of Taylor (1980)

Consider an economy in which, as in Taylor (1980), prices are set for N periods and remain
fixed during these “contract periods,” where N > 1. In each period, a fraction 1/N of firms

can set prices, and in doing so, they take into account the prevailing price which, at any point

6



of time, is an average of the N ongoing contractual prices determined in the current and the
previous N — 1 periods. Therefore, when setting new prices, firms look at both the future and
the past price decisions because these are part of the prevailing price. When N = 2, the price

setting rule is fully described by the following equations:

1
(1) Dt = 5(% + 1),
1 g
(2) Ty = 5(2% + Epi1) + 5(% +Ewii1) + e,

where x; denotes the price decision, p; the prevailing price level, and y; the aggregate output.
All variables are in log-terms, and e; is a shock to price setting. The parameter v measures
the responsiveness of price decisions to changes in aggregate demand conditions. The system
can be closed by assuming a money demand equation y; = m; — p;. To focus on monetary
shocks, we set e, = 0. The model can then be reduced to a second order difference equation in
x; by substituting for p; and y; using (1) and the money demand equation, respectively. Under
an additional assumption that the money stock m; follows a random walk process, a simple
solution to this difference equation can be obtained, and the implied dynamic output equation
is given by

1 1-—
* a(mt —my_1), Wwhere a= ﬂ
2 1+

Two special cases are worth mentioning: if v = 1, then a = 0 and there is no persistence;

(3) Yt = ayi—1 +

if ¥ = 0, then @ = 1 and the output follows a random walk process. In general, a smaller
v corresponds to a larger a and hence more output persistence. Taylor (1980, 1999) notes
that the autoregressive output process arises from the staggering in price setting. Therefore,
a model with staggered price contracts can potentially generate large amount of persistence,
provided that the key parameter v is small.

In Taylor’s (1980) original setup, 7 is a structural parameter void of any distinctions be-
tween price setting and wage setting, and the above arguments apply to both mechanisms with

the corresponding notations being appropriately interpreted.
B. The CKM (1998) Persistence Puzzle

CKM (1998) carry Taylor’s (1980) intuition to a general equilibrium business cycle model
with staggered price contracts, and thereby link the parameter v to underlying economic

fundamentals such as preferences and technologies. However, they find that there is little
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persistence in output dynamics because the magnitude of v so determined is too large for
empirically plausible values of preference and technology parameters. Their result seems to be
fairly robust.

There are two strands of arguments centering on this persistence puzzle. On one side, it is
inferred that a staggered nominal contract mechanism may not be able to explain persistence
in a general equilibrium setup and people may have to look elsewhere for mechanisms that
can do so. On the other side, it is conjectured that the conventional monopolistic competition
framework may not be adequate for deriving the price setting equation. This puzzle has also
stimulated much research in combining various other mechanisms with the staggered price
mechanism to lower the value of ~.

In this paper, we reassess the persistence puzzle from a different perspective. We realize
that, with optimizing individuals, a staggered wage mechanism, after all, may be quite dif-
ferent from a staggered price mechanism in generating persistence. Our finding is that such
a difference does exist because the parameter v is determined by different economic forces in
models with the two mechanisms. Such fine distinctions cannot possibly be uncovered unless

the optimizing behaviors of households and firms are explicitly modeled.
ITI. A MODEL WITH STAGGERED WAGE CONTRACTS

In this section, we describe a general equilibrium model with staggered wage contracts. In
the model economy, there is a large number of infinitely-lived households who are endowed
with differentiated labor skills indexed in the interval [0,1], and there is a large number of
identical firms who use all types of the labor services to produce a homogeneous consumption
good. In each period ¢, the economy experiences a realization of shocks sy, while the history
of events up to date ¢ is s' = (s, -, s;) with probability m(s). The initial realization sq is
given.

Production technology is given by Y (s') = L(s'), where L(s') = [fol L(i, st)%di} T isa
Dixit-Stiglitz (1970) type of composite of labor services. In the production function, L(i, s') is
the labor service provided by household i in s', and o is the elasticity of substitution among
different types of labor services, where o > 1.

Firms behave competitively. Upon the realization of s', they choose output Y (s') and
labor services {L(i,5")};c(0,1) to maximize profit P(s')Y (s') — fol W (i, s')L(i, s*)di, subject
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to the production technology, taking price P(s') and wages {W(z’,st)}ie(m) as given. The
resulting demand function for the labor service of type ¢ is
, wWi(i,s")]°
d t\ ’ t
(4) L, s") = [W L(s"),

- 1/(1—0o
where W(s!) = [ fol W(i,st)t= dz} [ is a wage index. Zero-profit condition implies that

P(st) = W(sh).

Households are price-takers in goods markets and monopolistic competitors in labor mar-
kets. They take the labor demand schedule (4) as given and set wages in a staggered fashion. In
particular, in each period ¢, there is a fraction 1/N of households that can set new wages upon
the realization of s'. Once a wage is set, it has to remain fixed for N periods. We sort the in-
dices of households so that those indexed by 7 € [0,1/N] set wages in periods ¢,t+N,t+2N, - - -,
those indexed by i € (1/N,2/N] set wages in periods t +1,t+ N +1,{+2N +1,-- -, and so on.

Household 7 has a utility function

U = 30 3 (st 1og(C 6, ) + VLG ),
t=0 st

where C*(i) = [bC(i)” + (1 — b)(M(i)/P)*]"/* is a CES composite of consumption and real
money balances, and V(-) is a strictly decreasing and strictly concave function. Upon the
realization of s!, the household solves its utility maximization problem by choosing consumption
C(i,s'), nominal money balances M i, s'), and one-period nominal bond holdings B(i,s*1),
taking prices P(s!) and D(s'*!|s!) as given. If the household is a member of the cohort that
can set new wages, it also chooses a nominal wage W (i, s!) for the current and the next N — 1
periods, taking the labor demand schedule (4) as given. The utility maximization is subject
to a sequence of budget constraints

P(sHC(i,s") + Z D(s"sY)B(i,s") 4+ M (i, s') <

gtt+1

W (i, s L4, s') +11(3, s°) + B(i, s') + M (i,s" 1) + T(i, s%),

and a borrowing constraint B(i,s') > —B for some large positive number B, for each s!, with
initial conditions M (i,s~1) and B(i,s") given. Here B(i,s't!) is a one-period nominal bond
that costs D(s*1]s!) dollars in s* and pays off one dollar in the next period if s*! is realized,
(4, s') is the household’s claim to firms’ profits, and T'(i,s') is a nominal transfer to the

household.



To close the description of the model, we need to specify a monetary policy. We assume
that newly created money is equally distributed to all households via lump-sum transfers so
that [) T(i,s') di = M(st) — M(s*™1).

An equilibrium in this economy consists of a set of allocations C(i, s*), M(i,s), B(i,s"*1)
for each household 4, and Y'(s') and {L(i,s") };c(o,1 for firms, together with prices D(s"*!|s"),
P(s), W(s'), and {W(i,s")}icjo,1) that satisfy the following conditions: (i) taking prices as
given, firms’ allocations solve their profit maximization problem; (ii) taking prices and all
wages but its own as given, each household’s allocations and wage solve its utility maximization
problem; (iii) goods market, money market, and bond market clear; and (iv) monetary policy
is as specified.

In what follows, we focus on a symmetric equilibrium in which all households in a given
cohort make identical wage decisions. Since there are complete contingent bond markets
and consumption and leisure are additively-separable in the utility function, equilibrium con-
sumption flows and real money balances are identical across all households.?> Combining this
observation with the market clearing conditions, we have C(i,s') = C(s') = Y(s') and
M(i,s') = M(s') for all i. To help exposition, we impose a static money demand function
P(s")Y (s') = M(s') for now and relax this assumption in Section V.

To see how the staggered wage mechanism can help generate persistence, we consider first
the case with no staggering, that is, with NV = 1. The first order condition with respect to
household ¢’s wage decision implies that

W) o —Vi(i,s)
P(st) o —1 Udi,st)’

(5)

where —V;(i, s') and U.(i, s*) are the household’s marginal utility of leisure and of consumption,
respectively. Equation (5) says that the optimal real wage (or relative wage since P = W in
equilibrium) is a constant “markup” over the marginal rate of substitution between leisure and
consumption. When the marginal utility of leisure rises, the household increases its wage to
reduce the demand for its labor services; when the marginal utility of consumption increases,
the household lowers its wage to raise its labor income and consumption. With N = 1,
all households make identical wage decisions in a symmetric equilibrium so that W (i,s') =
W(st) = P(s') and L(i,s') = L(s'). The real wage is thus always constant and a monetary

shock only results in a proportionally higher price level, leaving all real variables unchanged.
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In the case with staggered wage decisions, i.e., with N > 1, however, the situation is
different. As a cohort of households makes wage decisions, the rest N — 1 cohorts cannot set
new wages. Thus, when a household raises its wage, it also raises its relative wage, resulting in
a lower demand for its labor services and a lower wage income given that ¢ > 1. Before turning
our attention to the N-period wage setting rule, we develop first a quantitative measure of the
contemporaneous response of relative wage to a given aggregate demand shock, assuming that
each household takes wage index as given in making wage decisions and there is no forward-
or backward-looking effects. These assumptions are to be relaxed later. Notice that (5) can

be rewritten as

) ) e () v e

W(st) b(o —1) W (st)
where we have used the zero-profit condition P(s’) = W(s!), the labor demand equation
(4), the money demand equation P(s')Y(s') = M(s'), and the market clearing condition
C(i,s') =Y (s") = L (s") for all 4.

Suppose that there is now an expansionary monetary shock. Since the wage index does
not rise proportionally due to the staggering, the real aggregate demand rises. If household
i’s relative wage remained constant, the demand for its labor services L4(i,s') and thus its
marginal utility of leisure would rise. Utility maximization requires that the household raise
its wage to maintain (6). The equilibrium relative wage is a fixed point of the function f(z,Y) =
oDy {=V [ ?Y]}Y with respect to = W/W. To see how much the relative wage has to
be raised in response to a given demand shock, we take total differentiation of (6) to obtain

the elasticity of the relative wage with respect to the aggregate output

(7) _GzY 1+¢
@Y =9y r  1+of

where o is the elasticity of substitution among different types of labor services, and & =
Vi L(7)/Vi measures the household’s relative risk aversion in labor hours. Given that o > 1
and £ > 0, two observations are worth mentioning in light of (7). First, €,y is less than one.
Thus a one percent change in aggregate output results in a less-than-one percent change in
relative wage. Second, €,y decreases in both o and {. These observations are the key to
understanding the model’s ability of generating persistence.

The above findings are fairly intuitive. Since there is an intertemporal smoothing incentive

in labor supply, i.e., £ > 0, a larger ¢ implies a smaller wage adjustment in response to the

11



shock. This is so because, when it is easier to substitute one type of labor for another, a given
relative wage adjustment is associated with a larger employment fluctuation. On the other
hand, given that ¢ is larger than one, a stronger incentive of a household to smooth its labor
hours (i.e., a higher £) makes it less willing to adjust its relative wage.

We now analyze the N-period wage setting rule, with the intertemporal forward- and
backward-looking effects taken into account. The first order condition with respect to the
N-period wage decision implies that

W(i,s') = I tTJ%JtVil D st BT_tW(SqSt)(fVl(Z’; sT)) L4, 37) ’
o= 1S ENTS - B (s [Ueli, 57) /P (s7)] L%, 7)

where 7(s7|s') = m(s7)/m(s') is the conditional probability of s™ given s’, for 7 > t. Hence,
the household’s optimal wage is a constant “markup” over the ratio of weighted marginal
utilities of leisure to those of income over the contract periods, where the weights are given
by normalized quantities demanded for its labor services. Clearly, this equation reduces to (5)
when N = 1.

To gain further insights into this wage decision rule, it is helpful to examine the log-

linearized version of the wage setting equation
N-1 N—1 N N—1

(8) we =Y bjwj+E Y bjwiy;+ N1 > i
j=1 j=1 §=0

where the lower-case variables denote log-deviations of the corresponding upper-case variables
from their steady state values, E} is a conditional expectation operator, and the event argument
st is replaced by the time subscript ¢ to save notations. We have also set 3 = 1 to simplify the

expressions. The weights on lagged and forward wages in (8) are given by b; = and

_N—g
N(N=1)°
the coefficient in front of current and future outputs is given by

9) V= 11%55—7
where € is the household’s steady state relative risk aversion in labor hours. Accordingly, v is
the steady state counterpart of €,y .

Equation (8) is apparently identical to Taylor’s (1980) structural equation, except that the
parameter 7y in his model is a structural parameter, while it is here a parameter determined
by the underlying preferences and technologies. It is clear from (8) that when a household sets

a new wage, it looks at both the wages set in the previous NV — 1 periods and those expected
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to be set in the future N — 1 periods. Since b; is declining in j, the household assigns lower
weights to those wages set either in the further past or in the further future. This backward-
and forward-looking consideration implies that the household would like to keep in line with
the peers when deciding on its own wage, as emphasized by Taylor (1980).

More importantly, a household that can set a new wage takes into account changes in
aggregate demand conditions during its contract periods. The parameter 7 measures the
responsiveness of the household’s wage to such changes. A smaller v implies a slower wage
adjustment, and thus more output persistence. Equation (9) shows that v depends on both
the elasticity of substitution among differentiated labor skills and the steady state relative
risk aversion in labor hours. Given that € > 0 and ¢ > 1,  is necessarily less than one and
decreases with both € and o. Thus the staggered wage mechanism has a great potential in
generating persistence.’

To illustrate the role of v in helping generate persistence, we derive analytical solutions of

equilibrium output dynamics in the case with N = 2. Equation (8) then simplifies to®

1 1
Wy = W1 + §Etwt+1 + v + Eryes1)-

Combining this equation with the log-linearized money demand equation p; +1: = my, and the
zero-profit condition p = wy = (wy + wi—1)/2, we obtain a second order difference equation in
Wt

2(1+7) 27y

Biwiy — T’th +wiq = _Tnyt(mt + myy1).

With an additional assumption that m; follows a random walk process, the solution of this
difference equation is w; = aw¢—1 + (1 — a)m¢. The implied dynamic output equation is given
by (3), as in the simplified version of Taylor’s (1980) model. However, the key persistence
parameter 7 is here determined by preference and technology parameters ¢ and o, as described
in (9). The dependence of the autoregression coefficient @ in the output equation on ¢ and
o is illustrated in Table I. As is evident, the model is able to generate substantial amount of

persistence for plausible parameter values.”
IV. A MODEL WITH STAGGERED PRICE CONTRACTS

In this section, we present a general equilibrium model with staggered price contracts. As

will be shown, the dynamic price setting equation in this model is apparently identical to
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the dynamic wage setting equation in the staggered wage model presented above. However,
the elasticity of relative price with respect to aggregate output, the counterpart of v in the
previous model, is here linked to the underlying economic fundamentals in a different way, and
the model is not able to deliver persistence for reasonable parameter values.

The model is a simplified version of CKM (1998). To be specific, there is a continuum
of firms who use homogeneous labor services to produce differentiated goods indexed in the
interval [0,1], and there is a representative household who supplies the labor and consumes a
composite of all types of the goods.

The household’s utility function is given by

U=>Y_> p'n(s")og(C*(s")) + V(L(s")),

t=0 gt

where C*(s') = [bC(s")” + (1 — b)(M(s")/P(s"))"] YV is a CES composite of consumption and
real money balances, V (+) is strictly decreasing and strictly concave, P(s') is a price index, and
C(s') = [fol Y (4, st)%dj} = =Y (s!) is a composite of all types of differentiated goods. Here,
Y (j,s') is the output of firm j in s!, and 6 is the elasticity of substitution among different
types of goods, where 6 > 1.

Upon the realization of s', the household solves the utility maximization problem by
choosing consumption goods {Y (7, st)}je[oyl], nominal money balances M(s'), and one-period
nominal bond holdings B(s'*!), taking prices {P(j,s")};cpo,1) and D(s"™!|s'), and nominal
wage W (s') as given. The utility maximization is subject to a sequence of budget constraints

[ PGSY G+ 3 DI B + M (s

st+1

< W (s")L(s") +TI(s") + B(s") + M (s 1) + T(s"),

for each s' and a borrowing constraint similar to that in Section III. From the first order

conditions we derive the demand function for good j

AN
(10) Yd(j,s%:(P;{;f))) Y(s),

and the optimal labor supply decision

~Vi(s') _ W)
Uc(s!) P(st)’

(11)
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where P(s (f P(j,s )1’9dj>1_i9 is the price index.

Production technology for firm j is given by Y (4, s') = L(j, s), where L(j, s*) is the labor
used by j in s!. Firms are price-takers in labor markets and monopolistic competitors in goods
markets. They take the goods demand schedule (10) as given and set prices in a staggered
fashion. All firms are divided into N cohorts based on the timing of their price setting. Upon
the realization of s’, a firm j that can set a new price solves an N-period profit maximization

problem
t+N—1

Maxpiay > D(sIs!) [P(j,s") = W(sT)| Y(j,s7),
7=t 87
subject to (10). The resulting optimal pricing rule is given by

g SN LS D(sTs) () W (Y (s7)
PO =g T S DBy ()

Thus the firm’s optimal price is a markup over a weighted average of the marginal costs during

its contract periods, where the marginal costs are given by the nominal wages since labor is
the only input.

Assuming that monetary policy and money demand equation are the same as in the stag-
gered wage model, we can define an equilibrium analogously. In what follows, we focus on a
symmetric equilibrium in which firms in the same cohort make identical price decisions. The
main finding is that marginal cost always changes more than aggregate output does in response
to a shock, and thus a firm always fully adjusts its price whenever it gets the chance to set a
new price. In consequence, price level changes quickly, and aggregate output returns to steady
state as soon as every firm gets the chance to set a new price.

To understand this no-persistence result, it is essential to understand how equilibrium real
wage, the real marginal cost in this model, responds to changes in aggregate output. For this

purpose, we rewrite the labor supply equation (11) as

(12) o = (3) [Fuee]y ().
The labor demand function is given by
1 P(j, Y -0
/ ( Pist) ) 4

(13) L(s" /Lj, dj—/Ydj,
where the second equality follows from the production function, the third equality follows from

the output demand function, and the final equality defines G(s'). Labor market equilibrium
15



requires that labor supply L*(s’) in (12) equal labor demand L¢(s?) in (13). This equality
determines an equilibrium real wage.

Figure 1 illustrates labor market equilibria before and after an aggregate demand shock,
where aggregate output Y is a shift variable. In Figure 1, a change in aggregate output from
Yy to Y7 leads to a shift in both labor supply and labor demand curves. The labor supply
equation (12) reveals that, for a given labor demand, a one percent increase in Y causes an
equal percentage increase in real wage (from point A to B in the diagram). The labor demand
equation (13) reveals that an increase in Y causes a one-for-one increase in labor demand, thus
shifts the labor demand curve to the right and further pushes up real wage via moving along
the new labor supply curve (from point B to C). By taking total differentiation of (12), we
find that the magnitude of this second increase in real wage equals £ = V};L/V}, the household’s
relative risk aversion in labor hours. The total percentage increase in real wage due to a one

percent increase in aggregate output (from A to C) is then given by

_oWw/pP) Y
(14) wY =5y (Wip)

=1+¢.

Given that the household is risk averse in labor hours, i.e., £ > 0, €,y is necessarily larger
than one. Thus, real wage rises by more than aggregate output does. Facing such a large
increase in real marginal cost, each firm fully raises its price whenever it gets the chance to set
a new price. Price level thus rises quickly and the output response is short-lived.

This inability of the staggered price mechanism is in sharp contrast to the great potential of
the staggered wage mechanism in generating persistence. Nonetheless, much of the confusion
of the two mechanisms arises from the apparent similarity of the linearized decision rules in

the two models. The log-linearized price equation in the current model, by setting § = 1, is

given by
N-1 N—1 N N-1
Pt = Z bjpt,j + Et Z bjpt+j + mEt Z Yt+j,
j=1 j=1 i=0

which is apparently identical to the log-linearized wage equation (8) in the staggered wage
model, with w; being replaced by p; everywhere. Indeed, the coefficients b; are identical in
the two equations so that the intertemporal backward- and forward-looking effects seem to
work in the same way under the two mechanisms. However, the parameter ~ is determined in
different ways across the two models so that the optimal wage and the optimal price responses

to changes in aggregate demand conditions are different. In the staggered price model, 7 is
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the steady state counter part of €,y and is given by
(15) y=1+¢,

where ¢ is households’ steady state relative risk aversion in labor hours. Given that & > 0, the
parameter 7 is here necessarily larger than one and increases with £&. Thus, the staggered price
model is not capable of generating persistence.

To make this no-persistence result more transparent, we derive an analytical solution of
equilibrium output dynamics when N = 2, which is again given by (3). But since 7 is here
greater than one, the value of a is necessarily negative and there is no persistence.

In light of (9) and (15), the key persistence parameter () in the two models is linked
to preferences and technologies in two different ways as long as there is an intertemporal
smoothing incentive in labor supply (i.e., £ > 0). The two models are thus embodied with
different implications on persistence unless the households are risk neutral in labor hours (i.e.,
€ = 0). Given such intertemporal smoothing incentive, the staggered wage mechanism has a

great potential in, while the staggered price mechanism is incapable of generating persistence

for empirically plausible parameter values.
V. MODELS WITH INTERTEMPORAL LINKS

To help exposition, we have thus far abstracted from such intertemporal links as capital
accumulation and interest rate sensitive money demand. In this section, we incorporate these
intertemporal links into the simplified models in the previous two sections, and show that our
findings there stand up to this formalization. The models are described in the Appendix.

Since analytical solutions are difficult to obtain, we resort to numerical methods to solve
the log-linearized equilibrium conditions. We describe our computation methods and calibra-
tion strategies in the Appendix. The calibrated parameter values are shown in Table II. All
parameters are calibrated using standard methods as in CKM (1998), except for the elasticity
of substitution among differentiated labor skills in the staggered wage model (o). To assign
a value for o, we rely on the micro-studies by Griffin (1992, 1996), who finds that o lies in a
range between 2 and 6. We set o = 4 as a benchmark.®

In what follows, we report the impulse response functions of the models’ key variables

following a monetary shock. The money supply process is given by M(s!) = u(s')M(st1),
17



and the money growth rate follows the process
(16) In pu(s) = pln (™) + e,

where 0 < p < 1, and & has an i.i.d. normal distribution with zero mean and finite variance.
To compute the impulse responses, we choose the magnitude of the innovation term in the
money growth rate (the g; term) so that money stock rises by 1% one year after the shock.

Figure 2 plots the impulse response functions of output in the two models with N = 4.
In the staggered price model, the output initially rises, and then returns to steady state as
soon as the initial contract expires (i.e., one year after the shock). This finding is consistent
with CKM (1998). In contrast, the output response in the staggered wage model is much more
persistent. The contrast between the two models’ implications on persistence under different
values of IV is similar and thus is not reported here.

To gain further insights into the capability of the staggered wage mechanism in generating
persistence, we report in Figure 3 the dependence of output persistence on the elasticity of
substitution among labor skills (o) and the degree of asynchronization in wage setting (N).
The magnitude of persistence is here measured by a contract multiplier defined as the ratio
of output response at the end of the initial contract duration to that in the impact period.
Figure 3 shows that the persistence increases with both ¢ and N. For example, given N =4,
the contract multiplier is 14% for ¢ = 2, and it increases to 29% for o = 4 and to 39% for
o = 6. On the other hand, given o = 4, the contract multiplier increases from 25% for N = 2,
to 29% for N = 4, and to 30% for N = 12. These results are consistent with our analytical
solutions in Section III.

Figures 4 and 5 display the impulse responses of key variables in the two models. In both
models, investment is more volatile than output, which in turn is more volatile than consump-
tion. The nominal interest rate and inflation rate are both procyclical. Interestingly, all these
are standard features of a monetary business cycle model without nominal rigidities (e.g. Coo-
ley and Hansen (1995)). Except for the lack of “liquidity effect,” these features are broadly
consistent with the business cycle facts in the U.S. economy. Nonetheless, there are several
key differences between the two models’ equilibrium predictions. First, the impulse responses
of both real and nominal variables in the staggered wage model are more persistent than
those in the staggered price model. Second, real wage is strongly procyclical in the staggered

price model, while it is weakly countercyclical in the staggered wage model. Evidence on the
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cyclicality of real wage is mixed. As surveyed by Abraham and Haltiwanger (1995), existing
empirical studies do not suggest systematically procyclical or countercyclical real wages.”

To summarize, the basic insights elaborated by our analytical solutions in Sections III
and IV stand up to the incorporation of such intertemporal links as capital accumulation and
interest rate sensitive money demand. Compared to the model with staggered price setting,
the model with staggered wage setting has a much larger potential, both qualitatively and

quantitatively, in generating persistent output movements following monetary policy shocks.

VI. CONCLUSION

The seminal work of Taylor (1980) illustrates the potential of staggered nominal contracts
in propagating monetary shocks. Since Taylor (1980), staggered price and staggered wage
contracts are commonly perceived as two similar mechanisms, both capable of generating
persistence. This view has recently been challenged by CKM (1998) who find that, with a
general equilibrium formalization, a staggered price mechanism by itself cannot generate real
persistence. Revolving around this challenge, much has been written focusing on adding other
frictions to the staggered price mechanism in the hope of generating more persistence. Yet,
little has been done to ask whether the two mechanisms are indeed embodied with the same
implications on persistence in a general equilibrium environment.

In this paper, we have taken up this question and provided a resolution to the persistence
puzzle. Our main finding is that, with optimizing individuals, staggered wage contracts and
staggered price contracts have different implications on persistence. The microeconomic un-
derpinning of our finding is that, although the dynamic price setting and the dynamic wage
setting equations in the two models are apparently identical, the key parameter that governs
persistence in the two equations is linked to preferences and technologies in different ways, re-
sulting in different predictions on how aggregate output responds to monetary shocks. While
the staggered price model by itself is incapable of, the staggered wage model has a great po-
tential in generating persistence. The difference between the two mechanisms cannot possibly

be uncovered unless individuals’ optimizing behaviors are explicitly modeled.
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APPENDIX

This appendix presents a model of staggered wage contracts with capital accumulation. The
model is identical to the model in Section III with two exceptions. First, firms’ production
requires both labor and capital as inputs. Second, households’ problems now involve decisions
on capital accumulation. The model of staggered price contracts with capital accumulation is

not formally presented here because it is similar to CKM (1998).
A.1. The Model

We begin with firms’ problems. Each firm has access to a Cobb-Douglas production function
(17) F(K(s'), L(s")) = K(s')*L(s")" <,

where 0 < a < 1, K(s') is the capital stock in s', and L(s') = [fol L(z’,st)gT_lali}ﬁ is
a composite of labor services. Let RF(s!) denote the nominal rental rate on capital. By
minimizing the production cost R¥(s')K + [3 W (i,s")L(i)di subject to (17), we obtain the
demand functions for L(s!), K(s'), and L(i,s'). The resulting marginal cost function is
MCO(st) = aW(s')!1=*RF(s")®, where @ = a~%(1 — a)*"!. Profit maximization implies that

price equals marginal cost, that is,
(18) P(s') = aW (sl R (sh)e.

We next specify households’ problems. The utility function is the same as in the baseline
model. The budget constraint is now given by
1(i,s") t+1) .t ot -
1+¢(W>]+;D(S |S )B(Z,S )—l—]V[(z,s)
< Wi, )L, st) + R (K (i, s 1) + 11, ') + B(i, s*) + M(i, 1) + (i, ),

(19) P(s")CO(i,s") + P(s")I(i,s")

where (i, s') and ¢(I(i,s!)/K(i,s"1)) are the investment and the capital adjustment cost of

t

household 7 in s*, respectively. Capital accumulation is governed by

(20) I(i,s") = K(i,s") — (1 — 8§)K(i,s' 1),

where ¢ € (0,1) is a capital depreciation rate.
Household 7 maximizes utility choosing C(i, s?), I(i, st), M (i, s?), and B(i, s**1), subject to
(19)-(20) and a borrowing constraint B(i,s') > —B for some large positive number B, taking
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prices P(s'), W(s'), RF(s'), and D(s"*!|s’) and initial conditions K(i,s™!), M(i,s™!), and
B(i,sY) as given. If the household is a member of the cohort that can set new wages, it also
chooses a nominal wage W (i, s') for its contract periods. To simplify notations, we denote
by Q(i,s') the investment-capital ratio I(i,s?)/K(i,s"1) and by H(Q) the effective cost of
capital 1+ ¢(Q) + Q¢'(Q). The first order conditions are

(21) Udi,s") = )\(i,st)P(st),

(22) Un(i,s")/P(s") = [32 (s" s A, s,

(23) D(s™s') = Br(s"Hs A, s /AG, 1),

(24) Ui, sV H(Q(i,8Y)) = B m(s™s")Ueli, s H{RF(s"1) /P(s™HT) +

(1= 8)H(Q(i,s"™)) + QUi, s )¢ (Q(i, ™))},

t+N—1 o 8Ld ., T
(25) S S i )]—awg,;))
t+N—1
= > > BTG, ST LG, sT) (1 - o),
T=t ST

where U(i, %), Up, (i, st), and —V|(4, s') denote the marginal utility of consumption, real money
balances, and leisure, respectively, A(i,s!) is the Lagrangian multiplier associated with the
budget constraint, and 7(s7|s!) = mw(s7)/m(s?) is the conditional probability of s given st, for
T >t

Equations (21)-(24) are standard first order conditions with respect to the household’s
choice of consumption, money balances, bond holdings, and capital investment, respectively.
Equation (25) corresponds to the wage setting rule. The left-hand side of this equation is the
expected present value of marginal utility gains due to an increase in wage and thus reduced
labor hours during the contract periods, while the right-hand side is the expected present
value of marginal utility losses due to unemployed hours and thus a lower wage income. The
wage is set to balance the gains and the losses at the margin. Since there are complete
contingent asset markets, each household’s consumption and money balance decisions depend
only on initial distributions of wealth. Without loss of generality, we assume that the initial
holdings of wealth are identical across households. This assumption, along with the assumption

that consumption and leisure are additively separable in the utility function, implies that
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the equilibrium consumption and money balances are identical across households for each
realization of s'. That is, C(i,s') = C(s') and M(i,s') = M(s'). In consequence, A(i,s') =
A(s?) for all 4, and thus the wage decision rule implied by (25) depends only on aggregate
variables.

Capital market clearing requires that fol K(i,s" 1) di = K(s'), and goods market clearing
implies that

(26) C(s") + I(sh) ll + ¢ (%)] = K(s")“L(s")1~.

Note that, in each period ¢, firms’ decisions on capital demand are made after the realization
of s*, while the capital stock available for rent is chosen by households in s' 1.
The rest of the optimization conditions is the same as in Section 3. Given the money supply

process (16), an equilibrium can be defined analogously.
A.2. The Computation

We now describe how to compute equilibrium decision rules. With appropriate substitu-
tions, the equilibrium conditions can be reduced to three equations, including a wage setting
equation, a capital Euler equation, and a money demand equation. The decision variables are
current wages, aggregate consumption, and aggregate capital stock. We focus on a symmetric
equilibrium in which households in the same cohort make identical decisions so that a house-
hold’s wage decision depends only on the time at which it can set a new wage but not on the
index of its labor service. In a symmetric equilibrium, we have W (i, s') = W (s') for all i and

the wage index is given by

l1—0o

- 1 1 1
ty _ t—N+1\1—0 t—-N+2\1—0 | . t\1—o
(27) W(s") = NW(s ) +NW(5 ) T+ +NW(5)

We now rewrite (25) as an equation in the three decision variables. To begin, we first use
(4) to express L4(i,s7) and OL%(i,s™)/OW (i,s!) by W(s!), W(s"), and L(s"). We then use
(21) to replace A(¢,s7) by C(s™), M(s"), and P(s”). Finally, we use (18), (20), (26), and (27)
to express P(s7), L(s™), and W(s") by W(s"), C(s7), and K(s7), forT =t,t+1,...,t+ N —1.
We also use (18) and the relation RF(s!) = (a/(1 — ))(L(s!)/K(s'™1))W(s!) (derived from
firms’ cost-minimization) to substitute for P(s*) and R¥(s') in (22) and (24), respectively.

Given the Markov money supply process (16), a stationary equilibrium in this economy

consists of stationary decision rules which are functions of the state of the economy. In each
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period t, there are N — 1 prevailing wages that were set in period t — N +1 through period ¢ — 1
due to staggered wage contracts. Thus, the state of the economy in period ¢t must record the
wages set in the previous IV —1 periods in addition to the beginning-of-period capital stock and
the exogenous money growth rate. To induce stationarity, we divide all wages by the money

stock. Thus, the state in st is given by [W (st~ N+1) /M (st), .- W (st1) /M(st), K (st 1), u(sh)].
A.3. The Calibration

The utility function in both models takes the form U(C, M/P, L) = log[bC"+(1—b)(M/P)*]/+
nlog(1 — L), and the capital adjustment cost function is given by ¢(I/K) = (¢/2)(I/K)*. The
parameters to be calibrated include the subjective discount factor 3, the preference parameters
b, v, and 7, the capital share «, the depreciation rate 8§, the adjustment cost parameter v, the
monetary policy parameter p, and the technology parameter (i.e., o in the staggered wage
model and 6 in the staggered price model). The calibrated values are summarized in Table II.

In our baseline model, we set N = 4 so that a period in the model corresponds to a quarter.
Following the standard business cycle literature, we choose 8 = 0.961/4. To assign values for b

and v, we use the implied money demand equation

" <A]f((;t))) S i ,'% <1 i b> +10g(C(s")) - 1 i ~log (R(};(?st; 1) ;

where R(s") = (X1 D(s'+!|s%)) " is the gross nominal interest rate. The regression of this

equation as performed in CKM (1998) implies that v = —1.56 and b = 0.98 for quarterly
U.S. data with a sample range from quarter one in 1960 to quarter four in 1995. The serial
correlation parameter p of money growth rate is set to 0.57, based on quarterly U.S. data on
M1 from quarter three in 1959 to quarter two in 1995 (see also CKM (1998)).

We next choose o = 0.33 and 6§ = 1 — 0.921/4 so that the baseline model predicts an
annualized capital-output ratio of 2.6 and an investment-output ratio of 0.21. The parameter
n is selected to match an average share of time allocated to market activity of 1/3, as in
most business cycle studies. We adjust ¥ so that the model predicts a standard deviation of
aggregate investment to be 3.23 times as large as that of output, in accordance with the U.S.
data. Following CKM (1998), we set § = 10 in the staggered price model, corresponding to a
steady state markup of 11%.
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Finally, we set 0 = 4 in the staggered wage model, based on the empirical studies by Griffin
(1992, 1996), who uses disaggregated firm-level data to estimate the elasticity of substitution
among differentiated labor skills.

In our experiments, we also vary the degree of asynchronization in wage setting, IV, as well
as the labor substitutability parameter, 0. We adjust 3, n, b, 6, ¥, and p accordingly so as to
keep unchanged the labor-leisure ratio, the capital-output ratio, the investment-output ratio,
the relative volatility of investment, and the quarterly serial correlation of money growth rate.
In particular, we set 3 = 0.96/Y, § =1 — 0.92Y/N, and p= 0.57%N | and adjust b, n, and ¥

whenever we vary N or o.
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NOTES

. Although models with information lags and price stickiness are shown to be quite suc-
cessful in generating output fluctuations driven by monetary shocks, the resulting effects
are usually contemporaneous rather than persistent. See, for example, Lucas (1972),

Lucas and Woodford (1993), Rotemberg (1996), and Yun (1996).

. This view has recently been emphasized by Taylor (1999), who states that “the equations

are essentially the same for wage setting and price setting.”

. We assume, without loss of generality, that the initial distribution of wealth is identical

across all households.

. Since the labor demand elasticity o is greater than one, a lower wage W (i, s') is associated

with higher labor income.

. The wage decision rule (8) also reveals that the effect of y on persistence can be reinforced
by the number of cohorts. A larger N tends to dampen wage response to changes in

current and future aggregate outputs.

. Notice the similarity of this equation to the price setting rule in Taylor’s (1980) simple
model described by (1) and (2).

. The micro-studies by Griffin (1992, 1996) suggest that 2 < ¢ < 6, which is the range of
the values of o we use in Table 1. To assign a value for &, we use an explicit functional
form V(L) = nlog(1 — L). Tt follows that £ = L/(1 — L), the steady state labor-leisure
ratio. We choose £ = 0.5 as the benchmark so that the steady state fraction of hours

devoted to market activity is 1/3.

. The estimate of o in Griffin (1992, 1996) is based on firm level data representing different
industries. As noted by Griffin (1992), the estimate tends to be biased downward for
two reasons: (i) all firms in the data set are subject to Affirmative Action which restricts
labor substitutability, and (ii) the employment data does not include employee charac-
teristics such as workers’ age, experience, and education. Griffin (1996) shows that, when
Affirmative Action is explicitly accounted for, the estimate of ¢ is higher, with a range

between 2 and 6.
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9. Since monetary shocks are the only driving force of fluctuations in our models, to evaluate
the models’ empirical relevance, we need to compare the models’ predictions on real wage
behavior with the response of real wage to monetary shocks in the data. The evidence
is mixed. Some empirical studies find that real wage is acyclical or weakly procyclical in
response to monetary shocks (e.g. Christiano, et al. (1999)), while some other studies
suggest the opposite. For example, Bernanke and Carey (1996) find that, using data for
22 countries during the Great Depression, nominal wages adjusted quite slowly to falling
prices, resulting in rising real wages amid the dramatic reduction in employment and
output. As documented by Friedman and Schwartz (1963), monetary shocks played an
important role during the Great Depression. In a survey on the cyclicality of real wages,
Abraham and Haltiwanger (1995) note that the real wage cyclicality depends on various
factors including the choice of sample periods. For instance, they find that there were
roughly synchronized declines in the growth rate of industrial production and real wages
in the early to middle 1970s, but in the 1981-82 period, industrial production fell while
the real wage growth rate actually increased. It is well known that there was a major
monetary contraction during the early 1980s. Our model of staggered wage contracts
is more flexible than it appears to be in accommodating the real wage cyclicality. For
example, one way to induce acyclical real wages is to add price staggering on top of
wage staggering, as in Erceg (1997). But as we have shown elsewhere (Huang and Liu
(1999)), adding price staggering in the staggered wage model does not help magnify the

persistence.
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Table 1

Values of the Persistence Parameter a

c=2 0c0=3 0c0=4 oc=5 o0c=6

01 0.02 004 006 0.08
£€=05 007 013 017 021
1.0 010 017 023 027

0.09
0.24
0.30

Table 11

Benchmark Parameters

Preferences:

v=-—1.56

U(C,M/P,L) =log [bC” + (1 — b)(M’/P)”]l/V +nlog(1— L) n and b adjusted

Technologies: Y = K¢ -«
Staggered wage model: L = [f L(z)%dz] =1

6
Staggered price model: Y = [f Y(j)g%oldj} ot

Capital Accumulation:

Ki=TIi+ 1 —8)Ki 1, o(Ii/Ki 1) = (It Ki-1)*/2

Money Growth: log u(s') = plog(u(st=1)) + &

Subjective discount factor

Frequency of Price or Wage Adjustment

a=0.33
oc=4

0 =10

§=1-0.921/4
¥ adjusted

p=0.57

B =0.961/4

N =1
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w=W/P
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Figure I.—Real wage response to an aggregate demand shock
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Figure II.—Impulse response of output
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Figure ITI.—Contract multiplier in the staggered wage model
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Figure IV.—Impulse responses in the staggered wage model
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Figure V.—Impulse responses in the staggered price model
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