




3 STAGGERED CONTRACTS 

mation in this model generates an inertia of wages which parallels the 
persistence of unemployment. The econometric specification of this 
inertia is a wage equation which includes a distributed lag of past 
wage rates-much like an expectations-augmented Phillips curve. In 
contrast to other Phillips curves, however, the distributed lag of past 
wages incorporates not only the expectations of future wage decisions 
but also the overhang of previous wage decisions. Given the assump- 
tions of the model, this lag shape has a predictable form: it declines 
steadily over the length of the lag and at a decreasing rate. Moreover, 
the lag shape depends on economic policy. A more accommodative 
monetary policy, for example, tends to increase the sum of the lag 
weights and thereby increase the serial persistence of wages. 

This dependence of parameters on policy, a property which has 
been emphasized by Lucas (1976) in a related context, has both 
econometric and policy implications. It suggests that it will be difficult 
to estimate the structural parameters of the model without a knowl- 
edge of the aggregate-demand policy rule. It also suggests that the 
Phillips-curve policy trade-off will depend on expectations of policy in 
future periods, a point which has been discussed by Fellner (1976). In 
particular, because wage determination is both forward and backward 
looking, aggregate demand may have a greater effect on inflation 
than current models of the Phillips curve would suggest. One advan- 
tage of the model specified here is that it permits one to calculate the 
size of this expectations effect. 

Section I introduces the structural model, and Section I1 derives the 
rational expectations reduced-form contract equations. Because of 
certain symmetries in the contract equations and the policy rule, we 
are able to make use of factorization theorems which frequently arise 
in time-series analysis to derive explicit relationships among the 
reduced-form parameters, the structural parameters, and the policy 
rule. The spectral density function of the contract wages is derived 
and shown to be a convenient way to describe their stochastic prop- 
erties when contracts are fairly long. Section I11 describes the per- 
sistence effects generated by the model with 2-, 3-, or 4-quarter 
contracts and compares these with the actual persistence of unem- 
ployment in the United States. In Section IV the effect of aggregate 
demand on wages, as implied by a particular policy rule, is compared 
with the conventional short-run Phillips-curve approach for a certain 
set of parameter values. This comparison provides a way of separat- 
ing the impact of wage expectations from pure wage inertia. 

I. The Contract Determination Equation 

As mentioned above, overlapping contracts are a key assumption 
behind the persistence effects generated by this model. And while 
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- I)-' (1 - sill.'), .r = 1 ,  2 ,  . . . ,,1.' - 1 .  They decline linearly into the 
past and future, and they sum to one. Contracts close to the current 
contract are given most weight, while contracts in the more distant 
past or future are given less weight. The symmetric linear decline is a 
result of our assumption that these past and future wages are 
weighted proportionally to the number of periods they overlap with 
x,. For example, if contracts are ,1.' periods long, then ;,+, and XI-,?,for .r 
<S,will overlap with xt for ,1.' - s periods each. The total number of 
overlapping periods for all contracts is, therefore, 2 Z ~ I ;(S- s) = (S 
- 1),1.'.The contracts ;,+, and x , - ,  should therefore each be weighted 
by S - s divided by (S - 1 ) S ,  which defines the b-weights. The 
proportional weighting scheme does not allow for either discounting 
effects which would lead to a sharper decline on future weights or 
forgetting effects which would lead to a sharper decline on past 
weights. 

In addition to past and future wages, equation (1) indicates that the 
current contract wage will be sensitive to expected labor market con- 
ditions during the contract period; that is, x ,  will respond to ?[, ?,+,, 
. . .  , Equation (1) implies that all of these periods are weighted 
equally and with a weight llll.'. (Of course, 11,Y could be incorporated 
in the parameter h ,  but we leave it explicit so that excess-demand 
effects can be held constant when we consider changes in the contract 
length A'.) It should be noted that only expected and not actual excess 
demand in period t enters equation (1); it would be a relatively easy 
matter to include current r ,  in equation (1) and thereby permit the 
wage contract to react simultaneously to actual market conditions in 
the current period. 

Our assumption that the contract wage rate x ,  is fixed for the entire 
length of the contract implies heavy front-end loading. That is, the 
entire wage adjustment occurs in the first period. Available informa- 
tion on explicit long-term union contracts indicates that front-end 
loading is not generally this extreme. However, casual observation 
suggests that most implicit contracts, which appear to be about 1 year 
in duration, are front-end loaded in this way. 

In order to obtain a solution for x l  from equation ( l ) , it is necessary 
to model the determinants of the excess demand for labor e, and the 
relationship between contract wages and prices. A very simple model 
which achieves this end is given by 
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where A is a normalization constant and 

with a,, = 1. The canonical representation in equation (15) follows 
directly from factorization theorems for symmetric polynomials (see 
Anderson 1971, p. 224, e.g.), which frequently arise in the theory of 
stochastic processes. (It may be helpful to note that the problem 
of obtaining the factorization in eq. [15] is identical with the problem 
of obtaining the moving-average representation of a stochastic pro- 
cess given its autocovariance function or correlogram. The poly- 
nomial [13] would be the autocovariance-generating function and the 
coefficient of A[L] would be the coefficients of the moving-average 
representation.) 

From the factorization (15) we can obtain a unique rational expec- 
tations solution to (14) by imposing the usual stability condition and 
thereby choosing the polynomial A (L) which corresponds to the roots 
of B(L) that lie outside the unit circle." (Again, the analogy from 
stochastic processes is helpful here: our assumption of stability corre- 
sponds to the assumption of invertibility of a moving-average process, 
which is enough to give a unique representation.) Having chosenA (L) 
in this fashion, we can then divide equation (14) by AA (L-') to obtain 

A comparison of (17) with (9) indicates that the rational expectations 
reduced-form stochastic difference equation for the contract wage is 

or, writing the lagged contracts on the right-hand side of the equa- 
tion, 

where a ,  = -a, ,  = 1, . . . , n.  
Note that there is an explicit set of constraints which the structural 

parameters y and /3, working through the parameter b,, = - c ,  put on 
this reduced-form equation. These constraints can be derived b) 
equating the coefficients of the polynomials on the left- and right- 
hand side of (15) to obtain: 

'Let A,, i = 1 ,  . . . , 11 be the roots of H(L) which lie outside or on the unit circle; then 
A;l are the roots of B(L) which lie within or on the unit circle. The  coefficients of A([-) 
are therefore equal to the coefficients of the corresponding powers o f 1  in H:', (1- A,) .  
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or, more compactly, 
n - s  

b ,  = s = 0 , 1, 2 ,  . . . , n.~ ~ a , a , + , ~ ,  
11=0 

There is only one structural parameter ( c )  in these equations; hence, 
regardless of' the number of' lag coefficients a, , there is only 1 
degree of freedom; only the product of y and /3 matters. I f ' c  is known, 
then the entire lag distribution is known. 

The relationship between the reduced-form weights and the 
structural lag and lead weights is shown in figure 1 for the case of c = 

1, the full-employment rule. Note that in this case both the b-weights 
and the a-weights sum to one. Since the reduced form can only be 
backward looking, it must capture both the backward-looking and 
forward-looking features of the structural form. Hence, the sum of 
the lag weights for the reduced form is twice as large as the sum 
of' the lag weights for the structural form. The area between the 
reduced-fbrm lag weights and the structural lag weights in figure 1 
represents the component of the reduced form which is due to ex- 
pectational effects, while the remaining component represents pure 
wage-inertia effects. As will be shown below, policy can affect the 
reduced-form lag weights by altering the expectations component. 
For example, a less accommodative policy can reduce the expectations 
component and even make it  negative; that is, policy can push the 
reduced-form lag weights below the structural lag weights. 

It is interesting to note that the expectations component is much 
larger for short lags than for longer lags. This is a property of the 
optimality of the rational forecasts. Hence, the reduced-form lag 
declines much more quickly than the structural form. 

A striking characteristic of the reduced-form contract-wage equa- 
tion (19) is that it does not include a measure of excess demand. The 
impact of excess demand on wage behavior is captured in the lag 
coefficients. If' we had assumed clctuc~lexcess demand influences wage 
behavior along with rxpectrd excess demand in the basic structural 
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FIG 1.-Relat~onship between structural contract %age equation and reduced form 

equation ( l ) ,  then excess-demand effects would be visible in equation 
(20). But even then, only unexpected excess demand would matter. 
Although the aggregate-demand side of this model is very simple, this 
feature of the wage equation is suggesthe of the difficulties which are 
inherent in econometric attempts to estimate the impact of aggregate 
demand on wage behavior. If the unemployment rate were inserted 
on the right-hand side of a regression equation similar to (19), the 
estimated coefficient of the unemplojment rate would have a proba- 
bilitj limit of zero. 

Shape of the Lag Dzctrlbzltzon 

The constraints in equation (20) indicate that the wage equation is 
sensitive to policy and the length of contracts. In order to illustrate 
how the lag shape depends on policy and on contract length, we have 
tabulated the theoretical lag distribution for 3-, 4-, and 12-period 
contracts and for alternative values of yp. These are shown in table 1 
and figure 2. Note that the lag coefficients are all positive and decline 
at a decreasing rate for all contract lengths and all values of By.  This 
convexity is a result of the linearity of the structural weights. With this 
type of autoregressive lag shape, one would not expect to find over- 
shooting effects; but, since the stochastic difference equation has 
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3-Period Contracts 

4-Period Contracts 

12-Period Contracts 

complex roots, we should also examine the spectral densit) function 
for signs of c~clical behavior. This is done in the following section. 

As polic) gets less accommodative (P increases), or as the sensiti~it) 
of wages to excess demand increases (y increases), the lag distribution 
is pushed toward zero. While the sum of the lag weights is one when 
By = 0 ,  it is less than one when By > 0.  Hence, a larger By tends to 
reduce the serial correlation of wages. 

Spectral Den~zty  of the Contract W a g e  

A convenient wa) to analyze the beha~ior  of the contract wage is 
through its spectral density, which has a simple analytic representa- 
tion. According to equation (18), x, follows an nth-order autoregres- 
sion. Hence, if a 5 s  the variance of E , ,  then the spectral density of x,is 
given b) 

The advantage of looking at the spectral density of x, is that the 
squared modulus of the complex sum in (21) involves the same non- 









STAGGERED CONTRACTS '5 

gressive terms in equation (25) prevent the serial correlation between y, 
and ut+,  from hitting zero as soon as s is greater than the contract 
length. Instead, the correlation between y t  and yt+, diminishes gradu- 
ally and approaches zero only asymptotically ass + x. If the sum of 
the autoregressive coefficients in (25) is large, then the serial correla- 
tion will remain high for very long lags. 

These general features can be illustrated in the case of two-period 
contracts (11:= 2). In this case, equation (25) becomes 

From (20), a ,  = - a,  = c -m.The ARhIA (1,l)  model in (27) 
can be inverted in order to represent p ,  as a function of the et only. 
That is, 

where 

$i  = a;-'(l + a l ) ,  i = 1, 2, . . . . (29) 

From equation (26), output then has the moving-average representa- 
tion 

According to equation (29), the $ weights increase for one lag 
before decreasing geometrically to zero. If a ,  were close to 1, as it 
would be if yP were small, then the $!J weights would decline to zero 
very slowly andy, would show high correlation. On the other hand, if 
yP were large, the serial correlation would be weaker but would 
nevertheless converge to zero only asymptotically. 

It is instructive to compare the type of serial persistence generated 
by this model with the observed serial persistence of unemployment 
in the United States. The $ weights in the moving-average repre- 
sentation (30) are useful for this purpose. Table 2 compares the $ 
weights implied by the model with the actual $ weights for the unem- 
ployment rate for the case where velocity shocks are negligible (vt = 

0). The estimated $ weights were obtained by first estimating an 
ARMA (2,l) process for the quarterly unemployment rate for males 
20 and over (to avoid labor force composition shifts), and then by 
writing this process in pure moving-average form.' The resulting $!J 
weights for the sample period 1954: 1 through 1976: 4 are given in 

' T h e  ARhlA model was 71,  = 1.3971,-, - ,49z1,-~+ r ,  + .127~,-~,where u ,  is the 
quarterly unemp1o)ment rate and 7 ,  is the serially uncorrelated error term. Nelson 
(1972) found this same model adequate for the 1947: 1 1 9 6 6 : 4  period. 
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'I'ABLE 2 


THFORFII(:AL. .\NU OBSFRX
EL) SkR1.41. 
PFKSIS~LACFCTAE>IPLOY~IEN.Io t  

(Quarterl) Slo~ing-Average Kepresenta:ion) 
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20 dncl O \ ~ I  ubtrl>n the p11rr I I IO\I I IR- .LICI~RC ~ e l ~ h l ~  111 thedlld l r l \c r ln~g > I  10 f < ) l l 7 1 ,  thr  ~ h e u ~ r i ~ c d l  'ire clrrc~lherl 

texl /3 = 5 .  7 = .?. conllaci le~lgrh .\ - 2. 3, or 4 rlii.illers. 

the fourth column of table 2. The estimated I,!J weights show a ten- 
dency to rise for the first few quarters and then decline fairly steadily. 

The theoretical ~veights are reported in the first three columns of 
table 2 for contract lengths of 2, 3 ,  and 4 quarters, respectively. These 
have been calculated using the parametric assumption that P = .5and 
y = .2 (or, more generally, that y p  = . I ) .  The results for the 3- and 
4-quarter contracts appear quite similar to the observed serial corre- 
lation in unemploy~nent. The lag \\.eights rise for the first few quar- 
ters before beginning to diminish rather rapidly. However, the case of 
2-quarter contracts appears to give substantially less serial correlation. 
T o  some extent, these results are dependent on our parameter 
choice; for example, a larger value for py would reduce persistence 
but would not change the general humped shape of the lag distribu- 
tion. In any case, the results show the capability of this type of contract 
model to explain the observed persistence in unemployment--even 
rvhen there is no other source of persistence and contract lengths are 
reasonably short. 

An essential requirement of a theoretical macromodel is that it exhib-
its a statistical Phillips curve. Although the model of this paper in- 

n T h ~ s  section owes much to discussions 1 have had with Edmund Phelps on this 
subject. 

http:SkR1.41
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price level, respectively. The standard deviation of output is given for 
two values of y .  Note that the larger y is, the more favorable is the 
trade-off: for the same level of price variability, the variance of output 
can be smaller if' the sensitivity of price and wages to excess demand is 
high. This improvement in the trade-off is uniform over its entire 
range and is some measure of the gain from more responsive prices.$ 

IV. Wage Expectations versus Wage Inertia 

As \\.as discussed in Section 11, lagged wages appear on the right-hand 
side of the reduced-form wage equation in this model for two reasons: 
they represent the expectations of future wages and the overhang 
of past wages. Using the rational expectations assumption, these two 
components can be sorted out, as was illustrated in figure 1. One of 
the results of this decomposition is that the expectations component 
depends, in an explicit way, on the aggregate-demand policy rule. For 
this reason, the policy implications of this model are much differ- 
ent from models where either there is no expectations component- 
wage determination is purely backward looking--or where the expecta- 
tions component is based on adaptive or extrapolative expectations 
schemes. The purpose of this section is to explore this difference.'" 

We begin by maintaining the assumption that the underlying rate 

The stabilization problern considered b! 7'a)lor (1979) involves smoothing fluctua- 
tions in the inflation rate about a constant target, rather than the log of the price level 
about a constant trend as in this paper. 

"' Similar expectational effects have been discussed by Fellner (1976, p. 117), though 
with rnore emphasis on making the aggregate-demand policy rule credible. If credibil- 
it) cannot be established b! direct announcement, then there will be a transition period 
during which the behavior of the economy might be a weighted average of the two sets 
of colurnns in table 4 .  Public learning during the transition would be similar to that 
discussed in ?'aylor (1975). 
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of inflation is zero, so that the steady-state average price level is 
constant. One of the objectives of demand policy is to stabilize fluctu- 
ations of prices (or wages) about this constant level. (The case of a 
rising-price path can be considered using similar techniques.) It will 
be convenient to consider the problem within the context of a single 
realization of a price shock which raises, say, the aggregate price level 
above its equilibrium value. T h e  objective of policy, therefore, is to 
bring the price level back to equilibrium. T h e  appropriate rate of 
return to equilibrium will depend on the relative weights of prices and 
output in the social welfare function: a quick return if prices have a 
high weight, o r  a slow return if output has a high weight. 

Assume t h a t S  = 2 and that an aggregate-demand policy rule of the 
form discussed in this paper is in force when this price shock occurs. 
This rule might have been the result of decisions made within the 
political process and which planned for such shocks, so that when the 
shock occurs there is no pressure to change the rule. For illustration 
purposes, assume that the rule is P = .5, that y = .2, anci that el = 10 
percent ( E ,  = 0, s > 1).  I fpo  = 0 and E(, = 0 (i.e., the price level was in 
equilibrium before the shock), then p1 = 5 and pi follows the path 

where a ,  = .63. The  path for output is then given b y j ,  = -2.5, and 

For these numerical values, the two paths are given in table 4. T h e  
convergence of the price level to equilibrium is relatively quick despite 
the accommodating strategy. If P were greater than .5, the return 
would be faster, but the loss of output would be larger; conversely if P 
were less than .5. 

T o  compare these results \\.ith a model \\.hich does not incorporate 
forward-looking \\.age determination or  \\.hich is based on extrapola- 
tive expectations, consider equation (1) in the case of h' = 2, 

A modification of equation (35) to eliminate forrvard looking is 

or simply 
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serially uncorrelated. Cornparing ( h 6 )  with (.43) irldicates that the reduced- 
f'orni contract equation is gi\,erl b! 

Equation ('47) determines the current  corltract in terms of' past contracts, past 
sllocks, and  the current  contract shock. From this relationship the beha) ior of' 
the aggregate price level and  aggregate output  car1 be d e r i ~ e d  followirlg the 
techniques described in Section 11. 
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